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PREFACE. 


Ix  tbo  year  1875  the  autliur  niudt'  Itis  firet  (^Taporativo  tost  of  a 
stoam-boUer.  It  was  tho  Piorco  rotating  boiler,  which  was  tested  at 
the  Centeimial  Exhibition  tho  foUowiug  ytiir.  It  hiid  certain 
pocnliarities  ol  design  M-hic-h  wrc  fuppuswil  h\  tho  inventor  to  nukke 
It  more  efficient  tlian  any  othfr  boih  r  then  on  tho  market.  The  t4Mt- 
I  ingof  this  boiler  and  of  two  others  finring  the  same  year  Iwl  tho  author 

I  to  iitudy  Kt-rioUKly  the  |irobh'mi  *' Ou  wliat  Louditiona  docs  tho  fuel 

I  economy  of  a  Etoam-boilor  de[K'ncl?"     For  threw  years^  ISSa-:*,  ho 

ft  waa  in  tho  employ  of  tho  Haln-ock  A  Wih-ox  Co.,  and  it  wiu  part  of 

I  his  w»irk  to  niako  evaporative  twU  of  the  boilers  tiitulo  by  that  eum-fl 

V  P<^">'i  **'>'!  **f  other  l<inds  of  ttoilers  for  coDiiwrbon,  in  difforout  Hertions 

^^m      of  Lbo  country,  and  vith  all  kinds  of  euul.     In  truunection  with  his 
^^P     office  practice  from  IBOO  to  Ilio  prceent  time,  lie  Iuia  lioil  oecaj^iun  to 
make  nearly  a  hundred  Ixulor-test^,  with  different  boilers,  fueli',  and 
furnaet^e.     Besides  having  thi»  praetifral  (.■xperteni'i-,  together  with  tho 
habit  of  itudyiiig  (^ritii-ally  llie  rodult  of  i'u<'h  tost  for  the  pnrimso  of 
dmwing  eonoluoionH  from  it,  tho  anthor  }m8  been  a  constant  student 
of  the  literature  of  the  Rubji-eUt  of  b<ijler-lesting  and  fuel  economy, 
which  from  time  to  time  appcnrH  in  tho  tramuLctionH  of  engineering 
6ocictie«,  in  tlie  teclmical  pretty,  in  trade  catalogwes,  and  in  bookii, 
O^Iti  has  thns  boon  enuble<l  to  omipare  tlieorj'  with  i>rafticc. 
^       Many  books  liavc  been  written  on  the  Mubjocts  tff  i»oiler«,  fnniacea, 
m|and  fueU,  but  in  none  of  them  di>eN  it  Keem  that  tho  problem  of  eleum- 
^Uiiler  economy  ho«  been  treated  with  the  thorougbuesti  which  il«  im- 
^^[»ortance  dcBcnw.     Most  of  the  trcaiisea  on  iHiilcrs  devote  the  grattor 
0^i:irt  of  their  space  to  iletjiilit  of  coiidtniction,  and  only  a  small  fipace 
to  the  subject  of  fnel  e^'ononiy.     There  upiiears  to  bo  a  demand  for 
a  new  book  which  ehall  treat  wjlely  of  i:it4>am-lK>t]er  economy  and  of 
ntbjei-ts  n>htt«(l    thereto.      To  supply  raeh  a  demand   tlus  book  is 
oJIered. 

m 


A  few  words  as  to  tho  plati  imtl  scopo  of  tlie  hook.  Tlie  first 
chapter  coiitaina  a  fitatcinent  uf  principles  atid  defiiiitioua  aud  a  very 
brief  Kiirfvy  of  the  wholu  ground  lutcndeil  to  be  corerod  in  tbu  re- 
mainder of  the  IkwIc.  CliapUtr  II  trtaiU  of  the  chemistry  of  fuel  and 
of  combnation,  of  tho  heat  generatoil  by  combustion,  and  of  tho  t^in- 
perahiruH  produced  under  different  conditio iii>.  The  disctiBsion  uf  tho 
Bubjeot  of  toniperaturo  is  believed  to  be  more  romph'to  tliaii  that  g'iven 
in  any  othor  work.  Chapter  III  ia  u  brief  one  on  coal  and  its  heating 
value,  iiichidiug  a  table  of  analyses  and  heating  values  of  Amerieau 
coali*.  Cimpter  IV  ia  mueh  longer,  and  ia  a  condensed  treotise  on  the 
coal-tields  of  tbelTnit^  States,  givinjf  their  location,  with  tho  analytws 
of  the  coal)  mineil  in  ea<>h  State  or  district.  The  sjiuee  given  to  this 
enhjoirt  is  bi'Iioved  to  be  justified  by  the  elose  relation  which  oxista 
Vtwoea  the  economy  of  a  boiler  and  tho  quality  of  c-oal  used  in  it. 
Chapter  V  is  a  discussion  of  teats  of  tho  heating  values  of  American 
and  foreign  coals,  and  shows  the  relation  of  the  heating  value  to  both 
the  proximate  and  the  nltimate  analysis.  It  reviews  the  work  of 
Jolmsuii  aud  of  Lord  &,  llaaa  on  ^Vnieriean  t^ouls,  and  of  Sebeurer- 
Keutner,  Mahler,  aud  Runte,  on  fon^ign  coals.  Chapter  VI  treiiU  of 
ifaela  other  than  coal,  including  peat,  oil,  gas,  bagaaae,  etc.  ('Impter 
VII  treats  of  furnaces,  nifithods  of  firing,  smoke-prevention,  mochauiual 
stcjkers,  and  forced  draft. 

In  Chapter  VIII  the  discussion  of  tho  boiler  itself,  and  of  the 
efiBciency  of  its  boating  surfaee,  begins.  Tbo  plain  cylinder  boiler  18 
taken  as  the  simplest  fonu.  and  in  an  elementary  manner  it  is  shown 
how  the  fuel  economy  depends  on  the  rate  of  driving  as  well  ha  nn 
other  conditions.  In  Cliapter  I\  the  pomo  subject  ia  considered 
further  by  the  mathematical  method.  There  in  here  published  for 
tho  firrt  time  a  fomnila  for  efficiency  of  heating  surface  whieh  eon- 
tains  all  the  variables  iiffeeting  the  problem  that  are  measurable. 
They  are:  heating  value  of  the  fuel,  temj)erature  of  tho  water  in  tho 
boiler,  radiation,  weight  of  clumney-g:is  jier  pound  of  combustible, 
and  rate  of  driving.  It  contains  only  ore  coefficient  of  performance, 
** a"  which  is  not  measuniblo  us  a  eoucrote  quantity,  but  is  n  figure 
that  may  be  derived  from  the  results  of  boiler-tests,  and  is  useful  in 
comparing  one  test  with  another,  lluch  of  this  chapter  wiU  be 
bkipped  by  those  who  are  not  accustomed  to  the  use  of  algebraic 
formuli^,  but  the  concdusiong  which  follow  the  mathematical  treatment 
AFO  of  great  import.nu-e,  and  should  not  bo  neglected. 

Chapter  Jv  illufitrates  aud  briefiy  described  the  various  typos  of 
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fiteam-boilers  now  on  the  market,  and  shovs  the  evolution  of  many  of 
them  from  earlier  forms.  Chapter  XI  discusBea  boiler  horse-power, 
proportions  of  grate  and  heating  surface,  and  boUer  performance. 
Chapter  XII  treats  of  the  "  points  "  of  a  good  boiler,  and  will  be  found 
useful  to  those  who  are  contemplating  the  purchase  of  a  steam-boiler. 
Chapter  XHI  discusses  *'  boiler-troubles  and  boiler-users'  complaints," 
and  contains  much  information  that  should  be  serviceable  to  boiler- 
users.  Chapter  XIV  treats  of  boiler-testing,  and  hfcludes  the  "  Code 
of  1899"  adopted  by  the  boiler-test  committee  of  the  American 
Society  of  Mechanical  Engineers,  of  which  committee  the  author 
was  a  member.  Chapter  XY  gives  the  results  of  several  boiler-testa^ 
together  with  conclusions  drawn  from  them.  Chapter  XVI  gives 
tables  of  properties  of  water  and  of  steam,  factors  of  evaporation,  and 
a  brief  discussion  of  chimneys,  with  the  author^s  table  of  chimney 
proportions.  Chapter  XVII  is  a  miscellaneous  assortment  of  subjects 
relating  to  boiler  economy  which  were  not  included  in  previoofl 
chapters. 
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PRINCIPLES  AND  DEFINITIONS. 


A  Steam-boiler  is  a  vessel  in  wliicbf  by  the  agency  of  heat  derived 
from  the  oombDstion  of  fiiol,  water  is  cuuverted  iutuHtram. 

The  stiuly  of  the  0{»eration  of  a  steam-boiler  inclndes  the  conatder- 
atiou  of  the  followin;;  aiibjecu: 

1.  The  fuel,  ita  kind,  quality,  and  chemical  compo.sition. 

2.  The  air  siiiiplitil  to  the  fuel  to  efTect  its  combnetion  or  rapid 
«iidaliou;  also  the  moisture  in  the  uir. 

3.  The  furnace  in  which  the  combustioUf  more  or  legs  romplete, 
tkes  place:  ita  rK)ti^tniction  and  \Ia  fuol-btirningc^ipacity. 

4.  The  losj^  of  tinbunied  fuel  tbrongh  the  grate-bnra  of  the  furnace, 
or  in  the  ashes  willidniwn  from  it. 

5.  The  heat  generates!  by  the  combustion;  its  (|imi)ti(y;  the  temper- 
r-ftture  allainc<t  in  and  beyond  tlie  furnace;  itnd  tlie  etticiency  of  the 

combustion,  or  the  ratio  which  the  quantity  of  boat  RCtiiully  Kenerated 
ir«  to  that  which  mi«bt  !»  peneratwl  with  ptrfi-et  oombiiHlion. 

6.  Tiic  gaseous  produola  of  combnation,  and  their  dilation  by  aa 
axccasive  aupply  of  iiir, 

7.  The  tmuHfiT  of  heat  from  the  fire,  and  from  the  hot  gases  gencr- 
nt'fd  hy  the  nombustioti.  through  the  shell  or  tubes  of  the  boiler  into 
the  water,  and  Uie  conditions  which  increase  or  diminisli  the  rate  nud 
tlie  effoctivone«8  of  thf*  transfer. 

8.  The  loKH  of  beat  due  to  the  e8ca[»e  of  hot  gasos  Into  the  floe  or 
chimney. 

\K  Tlic  lo«a  of  beut  due  to  radiation  from  the  external  surfaces  of 
(lie  furnace  and  Iwiler. 


10.  The  properties  of  wat^r  and  steam  at  different  temperatures- 

11.  'I'bo  capacity  of  the  Iroiler,  or  tbo  quantity  of  water  it  is  uapa- 
ble  of  couverliug  iuto  8t«am  ander  certain  given  or  ofisumed  con- 
(iitions. 

I'Z.  Tlio  efficiency  of  the  boiler,  or  the  ratio  of  th©  heat  absorbed 
by  the  boiler  to  the  heat  wbicli  would  be  generated  by  the  complete.- 
combiifition  of  so  much  of  the  fuel  ae  is  actuiilly  burued. 

13.  The  enicieiicy  of  the  boiler  and  furnace  irombinod,  or  the  ratiO' 
of  the  heat  absorbed  by  the  boiler  to  the  heat  which  would  be  gener- 
ated by  complete  combustiou  uf  all  the  fuel  wnmd,  including  that  lost 
through  the  gruteti  and  withdrawn  in  the  ui^hea. 

The  couaideratiou  of  each  one  of  the  several  items  specified  above  is 
necessary  to  a  tlioroiigh  underBlanding  of  tlio  operation  and  thu  fuel 
economy  of  a  steam-boilor,  and  each  will  be  diacussctl  at  length  in. 
succeeding  chapters  of  tliis  book. 

The  general  Bubjet^t  of  iJt^^am- boiler  economy,  however,  includes- 
other  subjects  than  those  relating  to  fuel  ct-onciny,  such  us  the  con- 
structiou  of  the  boiler  in  its  relation  to  strength,  durability,  repairs, 
facility  of  cleaning,  space  occupied,  first  cost,  cost  of  hibor  for  its  oper- 
ation, etc.     Tliet>e  will  also  be  treated  of  in  their  proper  place. 

Heat  is  a  fomi  of  energy  in  bodies,  supposed  to  consist  of  moleo- 
nlar  vibration.  Its  nature,  like  that  of  gravity  and  electricity,  is  not 
clearly  understood,  but  its  effects  may  he  percmved  and  mcasuiiid. 
Its  intensity  in  any  Ijody  may  be  measured  in  degrees  of  temperature  by 
a  thermometer  or  pyrometer.  lt«  quantity  may  bo  measured  in  heat- 
units.  When  two  botljpj*,  one  hotter  or  at  a  liigJier  1em|wralurc  tbair 
the  other,  are  placed  in  contact,  there  is  a  flow  of  lieat  from  the  hotl«r 
into  the  cooler  body,  tending  to  equalize  their  temperature,  and  tha 
quantity  of  heat  thust  transferretl  rray  be  measured  or  estimated  if  the 
nature  or  composition,  the  veight,  and  the  temperattire  of  the  two 
bodies  are  known.  One  or  both  the  bodies  may  exiicrience  a  c/Mttge 
of  state  by  reason  of  the  tmnsfnr  of  heat.  Thus  if  a  pier«  of  ice  lie 
plungcfl  iuto  a  vessel  containing  steam,  the  flow  of  heat  from  the 
steam  will  condense  It  into  water,  and  the  flow  of  hoixl  into  the  ico  will 
cause  the  latter  to  melt  and  be  oliaiigod  also  into  water. 

Temperature,  or  intensity  of  heat,  is  measured  in  degrees,  by  a  ther- 
mometer or  pyrnmeier.  Certain  fixeti  or  standard  tem|ierature8  are 
identified  by  cert^nn  phenomena  of  the  change  of  state  of  certain 
Wlies.  The  two  most  commonly  used  standard  temperatures  are:  (1) 
thai  of  melting  ice,  zero  on  the  Centigrade  Ihermometric  scale  or  32* 
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Od  the  Fahrenheit  scale,  antl  (2)  that  of  the  boiling-point  of  pur© 
water  at  ihe  otcau  atiuuspberic  pressure  of  1-1.7  Iba.  per  Bquare  inch, 
viz.,  lUO"  vn  theContigrade  8calcor213^oi)  the  Fahrenheit  scale.  The 
Fahrenheit  atalo  ia  most  eonmioixly  used  iu  Kuglaud  and  tho  United 
Slalts.  If  the  range  of  tpinj)eniture  between  the  freezing  and  the 
boiling<[X}int«  of  water  be  divided  into  ISO  equal  parU,  we  obtain  the 
scale  of  degrees  of  tho  Fahrenheit  thi:nnoniL'Lur.  which  scale  may  bo 
extended  indeHnitely  duwn  wards  and  njiwardrtto  niciisiire  the  1uwi'.atand 
the  highest  temperature;*  found  in  tlio  arts.  For  scientific  measure- 
ments of  great  accuracy  and  through  u  wide  rimp'  degrees  of  temper- 
ature may  be  muasuretl  by  the  air-themiometer,  in  trhieh  ihe  recorded 
decree  of  temperature  ia  proportional  to  the  jiroduet  of  the  pressure 
and  volume  of  a  given  weight  of  air.*  For  all  ortHnarv  purposes  the 
mercury  thermometer  is  available  between  the  range  of  —  40*  and  tiOO" 
F.,  and  mercury  thermometers  with  compressed  nitrogen  iu  the  tube 
above  tlio  mercury  may  bo  used  for  tern jM'ratu res  us  high  as  900"  or 
1000' F.  For  liigher  temperatures,  up  to  :tOOO'*  F.,  the  Tehling  and 
Stainbart  air-pyrometer,  and  the  Chatelior  electric  pyrometer  are  avail* 
able.  For  obtaining  the  temi)eratnre  of  chimney-gases,  from  300°  to 
1200",  metidlic  pyrometers  may  be  used,  but  their  indic4itions  are  apt 
to  be  iuocourate. 

The  temperatures  commonly  observed  in  steam-boiler  practice  are, 
on  the  Fahrenheit  scsde: 

1.  The  temperature  of  the  feed-water,  from  32°  to  300^  and 
upwards. 

2.  The  temjteratnre  of  the  steam,  from  212°  to  400"  (correspond- 
ing to  saturated  stetam  of  S50  lbs.  per  sq.  in.  absolute  preesare)  and 
upwartls  (500"  or  over  for  highly  suiierheatcd  Htcom). 

3.  The  temperature  in  the  furnace,  from  1000"  to  3000"  or 
upwards. 

4.  The  temperature  of  the  eecaplug  6ue-giue8,  from  300"  to  1300" 
and  upwards. 

6.  Temjwratores  of  the  gases  of  combustion,  taken  at  pointe  in 
the  gne-pasaages  through  the  boiler  intermediate  between  the  foruace 
and  the  fine. 

A  Heat-unit,  or  British  Thermal  Unit  (B.T.tX.),  is  the  quantity 
of  beat  n-Kpiired  to  raise  tlie  temi>erature  of  one  pound  of  pure  water 


*  Conflatt  RankiiK*,  St«*Tn-«nc1ne,  p.  286;  Kent's  Mecb.  Engrs.  Pocket-book, 
p.  4M;  Trint.  A.  S.  M.  E..  vol.  vl.  p.  283. 
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one  decree  Fahreiibeit,  &t  and  near  ite  temperature  of  greatest  density, 
3D.r  V.  {Haukinc). 

The  quantitv  of  heat  roqnircd  to  raise  the  temperature  of  on© 
pflunti  of  water  1"  F.  varies  very  slightly  with  the  temperature,  beiug 
nearly  coimtitnt  below  100''  F.  and  increasing  at  liigher  tenipiiratures, 
80  that  to  raise  its  temporataro  from  Z'i'  to  IW  requires  68.08 
iusUwl  of  fJ8  IJ.T.U.,  uQd  from  ZT  to  212*",  180.9  instead  of  180 
B.T.r. 

The  Unit  of  Evaporation  (U.K.)  ia  the  quantity  of  beat  required 
to  cunvurt  uiio  iioutul  of  wuter  at  312"  into  steam  of  the  same  leni- 
penitiiro.     Tt  is  equivalent  l«  9H5.7  H.T.I*. 

Latent  Heat  is  the  quantity  of  heat  which  apparently  dtsappeai-s 
(or  ))i>conK-jj  latent  or  liiildeii.  und  therefore  not  ineasurablc  by  a 
thermoniet'Or)  when  a  l>ody  rhan^res  Its  state  fmm  solid  to  liquid 
or  from  liquid  to  ^aaeous,  while  ttie  lomiKTarnre  rcnuiins  constant. 
Thus  when  a  pound  of  ice  at  3*2"'  in  corivitrleil  into  water  at  the  same 
teuj|K'ratiire,  1-12  H.T.XJ.  bw.oniu»  latent,  and  when  a  ]mutid  of  water 
at  212*  is  converte<i  into  steam  ut  212",  065.7  B.T.U.  {or  one  U.E.) 
becomes  latent. 

When  a  body  changes  Ha  state  from  tlie  gaseous  to  the  liquid 
form,  or  from  the  liquid  to  the  solid  form,  the  heat  which  was  latent 
is  gircn  off  and  beeouies  sensible  h(\at.  Thus  a  pound  of  steam  at 
212"  in  condensing  to  water  at  213"  trnn.*;ferg  9fj.t.7  H.'l'.U.  to  sur* 
rounding  bodies,  raising  their  temperature,  aud  a  pound  uf  water  at 
32"  freezing  into  ice  at  the  sunie  temperature  will  give  olT  142  B.T.U. 
to  the  surrounding  atmosphere. 

Specific  Heat  I:*  a  figure  representing  the  quantity  of  heat,  ex- 
prest-ed  in  tJiernial  units,  required  tu  raise  the  temperature  of  one 
pound  of  any  given  aubstaneo  one  *iegroo;  or  it  ig  the  ratio  of  tho 
quantity  of  heat  re*|uired  to  mis©  the  temperature  of  a  given  weight 
of  the  subatanoo  one  degree  to  tho  quantity  required  to  nilse  the  tem- 
(mnitnre  of  the  >»anie  weight  of  water  one  degree  at  its  temperature  of 
nuLximum  density-  Tho  specific  heat  of  water  at  aS'.l"  F.  being 
taken  at  unity,  that  of  all  other  known  substances,  except  hydrogen, 
is  le&i  than  unity. 

One  uf  the  mcthodc!  of  determining  the  sjiecific  heat  of  a  body  is 
the  method  by  mixture,  described  us  follows: 

The  body  whose  specific  bent  i)<  to  be  determined  is  raised  to  a 
known  temperature,  and  \f,  then  immersed  in  a  mass  of  liquid  of 
which  the  weight,  speciOc  heat,  aud  temperature  are  known.     When 


PRINCIPLES  AND  DEFINITIONS.  6 

both  the  body  and  the  liquid  have  attained  the  same  temperature,  this 
is  carefully  ascertained. 

Kow  the  quantity  of  heat  lost  by  the  body  is  the  same  as  the 
quantity  of  heat  absorbed  by  the  liquid. 

Let  c,  to,  and  t  be  the  specific  heat,  weight,  and  temperature  of  the 
hot  body,  and  c',  w',  and  t'  of  the  liquid.  Let  The  the  temperature 
the  mixture  assumes. 

Then,  by  the  definition  of  specific  heat,  c  x  w  X  {I  ~  T)  =^  lieat- 
nnits  lost  by  the  hot  body,  and  c'  X  w'  X  {T—  t')  =  lieat-units  gained 
by  the  cold  liquid.  If  there  is  no  heat  lost  by  radiation  or  conduc- 
tion, these  must  be  equal,  and 

cw{t-T)=c'w\T~t')     or    c  =  '^^^^^. 

The  specific  heats  of  several  different  substances  at  ordinary 
atmospheric  temperatures  are  given  below: 

SOLIDS. 

Copper 0.0951  Alamioum 0.3185 

Glass 0.1937  Charcoal 0.2410 

Iron,  cast .0.1398  Coal 0.20  to  0.84 

Iron,  wrought 0.1138  Coke 0.203 

Steel,  soft 0.1165  Brickwork  and  masoor;..  about  0.20 

Platinam 0.0324  Wood 0.46  to  0.65 

LK^UIDS. 

Water 1.0000        Mercury 0.0838 

OABKS. 

At  Conntant    At  Constant 
PreDtiure.  Vuluiiie. 

Steam,  superheated 0.460.'>  0.346 

Air 0.2375  0.1686 

Oxygen 0.2175  O.l.-iSl 

Hydrogen 8.4090  2,4122 

Nitrogen 0.2438  0.1727 

Carbon  monoxide,  CO ." 0.2479  n,]7.'i8 

Carlion  dioxide,  CO, 0  217  0.1.W5 

Marsli-gas  (meihanf),  CH, 0..'>929  0.468;J 

defiant  gas  (ethylene),  C.II, 0.404  0.178 

Blast- rnmai;f>  gas C.228 

Oases  in  chinineys  of  Kteam-l  oil^^ni  (approximate)  0.240 

The  specific  heat  of  a  jzaseoiis  mixture,  pufrli  as  that  of  chimney- 
gas,  is  found  by  multiplying  the  fwrr-r-ntai."-  of  fjich  of  tlnf  fonstiturnt 
gases  by  the  specific  heat  of  tliat  jra.'^and  rlividiiic  tlir>  jiinn  of  iluf  prt^xl' 


IVliencc  the  epQcific  heat  is 

24.0  -i-  100  =  0.240. 

The  Hpecific  heats  of  all  euhsUinceni  in  tlie  solid  or  liquid  bUIb 
increase  slowly  us  iho  tenipemturo  rises.  Experimente  by  Mallard 
and  h\i  Chatelicr  iudictitc  a  coiiiiiiiious  iucrctisc  lu  tlit-  t>iJi'citic:  heat  of 
CO,,  ateum,  and  other  gaaes  with  rine  of  tcmpinrutnre.  The  variation 
is  iuappreciuble  at  212*  F.,  but  iiicreades  ropidly  ut  liigh  tern iieiutu res. 
In  the  abueiico  of  data  of  s])ecin<::  h&ils  of  gu^'S  ut  high  tc-ni|*eratun>s, 
the  figures  given  in  the  above  Uiblea  are  generally  used  Jn  c-alcnlaiiuns 
relftling^  to  gases  of  combustion,  although  ihoir  use  may  lead  lo  errors 
of  unknown  niugnitudc  in  the  rcsuUii. 

The  following  figureB,  showing  increase  of  specific  beat  of  metals 

with  rise  of  tenipenuure.  are  sometimes  used  in  pyromotric  calculations: 

PIsliouui.  ^i'  tu  44i3*  K.,  U.03SS,  iucKuaiiig  0.000305  for  t--ucb  lOO"  F.  aUv^i  440'. 
Copper.  8r  to-ilS' OMi 

••       aa'toriTa' o.ioia 

WniugLl  in>ii,»  sr  l«.  200' 0.1129 

ar  to600' 0.1327 

82' to  2000* U2fl!9 

Tbe  ftn&ntity  of  Heat  in  a  body,  in  Brititdi  tbcmial  units,  nieas- 
urod  above  a  certain  tunipemlurc  taken  iw»  stfindard,  usuuUy  32"  F., 
is  the  product  of  its  woight,  its  average  Epecifio  heat  bctweoii  iho 
limits  of  temperature  considered,  mul  the  difTereucti  bftwt«n  ila  Tem- 
perature and  the  standard  temperature.  Thus  the  (juautityof  iioat 
ahove  33"  in  a  piece  of  wrought  Iron  weighing  10  lbs.,  at  a  tempera- 
ture of  212^.  is  10  X  .llSft  X  (212  -  32)  =  201. H4  B.T.TT. 

This  statement  is  tnie,  however,  only  when  the  body  dooe  not 
change  Us  state  between  tho  slitndurd  tcmperatarc  and  the  higher 
teni]}f'rtilure.  When  the  body  changos  its  state,  its  latent  heat  must 
be  coQAidere^l.  IMiub  the  heat  above  32°  in  a  pound  of  steam  is  the 
sum  of 

HphI  rfi|i)irt>(l  lo  raise  itb  tcmrcratun}  from  83*  10  319* I80.VBT.(T. 

I.at«!iii  1i<>nt  i>r  rvaiHjrftliuii  nt  312* BQ5.7      " 

Tot»l fUOll       '■ 
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The  quantity  of  heat  \u   a  pound  of  saturated  Bteam  at  320°  F. 
(75.^  lbs.  gauge  pressure  per  sq.  in.)  is 

Utffct  (iibovt82")ln  water  iit  330* 291.2  B.T.U. 

Uleut  liwt  of  er&twriition  at  ^IM' tJW.4       " 

Total. ffnTfl      " 

When  the  steam  is  superheated,  the  quantity  of  heat  required  for 
suporhcating  must  be  added.  Thus  if  the  steam  of  75.3  lbs.  gauge 
presHure,  whose  teiupcralurti  wheu  saturated  is  320",  be  £uj>erheated, 
while  its  prensure  remains  ro:iBtjint,  to  42t)",  the  increjise  of  100*  pf 
temporaturo  will  require,  since  the  specific  heat  of  superheated  steam 
at  oonstant  pressure  is  0.48,  nii  addition  of  48  B.T.U.,  making  the 
total  heat  11TU.6  +  48  =  1227.(1  II.T.U.  The  properUea  of  steam 
will  be  disoUBSc'd  further  in  auother  chapter. 

Heat  of  Combustion. — Kvery  combustible  chemical  element,  such 
as  carbon,  liydrojjfn.  and  sulphur,  and  every  gaseous  fuel  of  definite 
chemical  composition,  containing  two  or  more  elements,  such  as 
earbon  mouoxi'le  (CO)  and  methane  (mar^h-gas.  CIl^),  when  com- 
pletely burnei]  in  oxygen  or  in  air  generates  a  definite  quantity  of 
heat  per  pound  of  the  comhuBtible,  which  quantity  may  be  ascertained 
with  a  close  approximation  to  accuracy  hy  means  of  an  instnimeut 
kuowii  as  a  fuel  calorimeter.  The  exact  detemiinntiou  of  the  heat  of 
combustion,  or  calorido  vnliie,  of  any  ronibustibla  requirea  a  very 
delicate  apparatus,  a  liigli  degree  of  skill  on  the  part  of  the  opcrutor, 
and  an  allowance  for  certain  unavoidable  error!),  such  as  loss  by  mdia- 
tioi),  BO  that  the  caloritic  viilucs  of  ditTorent  combustibles  as  reported 
by  diderent  authorities  show  a  alight  variation.  Thus  tlie  heating 
value  of  carbon  is  14.544  U.T.U.  according  to  Favre  and  Silbermann, 
and  14,647  II.T.U.  according  to  Ucrtliclot.  Tliat  of  hydrogen  is 
U2.u;i2  IJ.T.U.  according  toFitvreand  Silbermann,  and  61,81(1  RT.U. 
occordiug  to  Thomsen.  The  round  tignros  of  14,fiOO  B.T.U.  for 
cartton  (burned  to  carbon  dioxide)  and  G2.O0O  H.T.r.  for  hydrogen 
(burned  to  eitcaui  and  Uie  steam  con<lenHe4]  to  lir]iiiil  water)  are  gen- 
erally uited  in  oalculations  relating  to  steam-boiler  practice. 

The  heating  value  of  any  fnel,  such  as  coal,  consisting  of  a  mixture 
of  combustible  and  non-combustible  subetanees  may  be  directly  deter- 
mined by  means  of  a  calorimeter,  or  it  may  be  c^cnhited  from  ita 
ultimate  chemical  analysis  by  Duloug's  formula,  which  la: 

Heating  value  =  -ji-^  X  [14,600  C  +  62,000  (h  -  5)  +  4000  sT 


in  which  G,  H,  0,  and  S  are  the  percentftges  of  carbon,  hydrogeu, 
oxygen.  tiTid  jtulphnr  tu  Llio  coal,  aa  determined  by  unalyi^iti. 

Combnstion  of  Fuel. — CombuRtion  may  he  perfect  or  imperfect, 
depending  ti|ion  iIil>  su]]ply  uf  uir  in  Lhu  furnace  und  upon  other  con- 
ditions wliieh  will  he  discussed  later.  When  the  combustion  is  perfect 
the  whole  of  the  carbon  in  the  fuel  is  burned  to  carbon  dioxide,  CO,, 
each  pound  generating  U.tJOO  B.T.U.,  and  the  whole  of  tlju  hydrogen 
is  bunieil  to  steam,  or  vjipor  of  water,  H/),  each  itoiitul  genenifin^ 
63,000  B.T.U.  l*art  of  the  heat  of  the  combnstion  of  hydrogen  is 
&l)30rbed  in  the  latent  Iteat  of  evaporation  of  the  9  lbs.  of  steam 
formed  by  the  combustion  uf  1  lb.  of  hydrogen,  and  another  |wirt  in 
8n]icrh eating,  to  the  teniperalnre  of  the  furnace,  this  stetim,  and  also 
the  8Leain  tliut  may  be  derived  from  moisture  in  the  coal  or  in  the  air 
BuppIiHi  to  the  fnrna«w. 

When  the  comlmstion  is  imperfect  part  of  the  carbon  may  be 
burned  only  to  carbon  monoxide,  CO,  geuerutiug  only  -1-150  IJ.T.U. 
per  pound;  or  part  of  the  carbon  whirli  has  been  burned  on  the  gr«te 
to  CO,  may  be  "nnhnrned,"  being  fionverted  into  CO  on  past^ing 
through  a  bed  of  red-hot  coke,  absorbing  carbon  tberefrom  by  the 
chemical  reaction  €0,  -^  C  =r3C0,  a  cooling  prf)cess,  absorbing  10,150 
B.T.U.  per  pound  of  the  C  originally  bnrncd  to  CO,.  Also,  in  im- 
perfect combustion  eome  of  the  hydrogen,  together  with  the  ^-arbou 
with  which  it  is  comhine<l  in  the  coal,  forming  the  "  volatile  matter,'* 
may  be  only  diBtiUed  from  the  coal  and  not  burned,  or  the  hydrogen 
only  in  this  volatile  matter  may  be  burned,  leaving  the  carbon,  in  the 
form  of  soot  or  smoke,  to  be  carried  olT  in  the  gases  passing  out  nf  tho 
fnrnnce.  All  of  the  products  of  imperfect  rnmbustion,  tho  carbon 
mouoxide,  the  hydrocarbon  ga^cs  distilled  from  tho  conl,  and  the  soot 
or  smoke,  may  afterwards  bo  burned  if  they  are  carried  into  a  very 
hot  chamber,  where  they  are  brought  in  contact  with  a  sufficient  supply 
of  highly  heated  air. 

How  Smoke  may  be  Bnrned. — Thi.>j  hist  slalemcnt  h  contrary  to 
that  made  by  diaries  Wye  Williams  in  his  treatise  "  On  the  Cnmbua- 
tion  of  Conl  and  tho  Prevention  of  Smoke,"  ftrst  printed  about  sixty 
years  ago,  and  copied  extensively  by  later  writers,  viz.,  timt  ''When 
smoke  is  once  produced  in  a  fiiruace  or  due,  it  is  as  inijiossible  to 
bnrn  it  or  convert  it  to  heating  purposes  as  it  would  be  to  convert  the 
smoke  issuing  from  tho  llame  uf  a  candle  to  the  pur|>()ses  of  heat  or 
light.*'  The  error  of  the  stAtement  made  by  ilr.  Williams  can  be 
easily  shown  by  a  simple  experiment  which  has  been  made  by  the 
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aullior.  A  ihort  piecu  of  candle  waa  placed  inside  of  a  tall,  narrow  tin 
cylinder.  The  de6oient  Buppty  of  air  the  candle  thus  received  caused  it 
to  give  off  a  columu  of  black  smoke.  TIub  was  caused  to  pass  iuto  the 
central-draft  tube  of  a  "  Rochester  *^  kerosene  lamp,  and  as  it  pasBeil 
up  into  the  Same  of  the  lamp  it  was  completely  burned,  not  a  trace  of 
Buioke  being  visible  in  ilit;  Imnp-chiuinfy.  The  experiment  was  ulso 
made  with  u  still  lurgt^r  coliinni  of  anioke,  produt^eil  by  burning  paper 
under  tbo  lamp,  with  the  same  result. 

FUme  is  a  mass  of  intcii$ely  heoted  combustible  gas.  It  is  not 
necessarily  gas  in  a  state  of  combustion,  for  combustion  cannot  take 
place  without  access  of  air,  and  flame  may  exist,  us  in  passing  through 
a  furniuro  or  flue,  wliere  there  U  ur>  supply  of  air  to  burn  the  gas.  If 
the  flamt'  in  passing  ihrougli  a  tube  btt-omes  cooled  below  a  bright  red 
beat,  the  gas  will  not  burn  when  it  escapes  and  comes  in  contact  with 
cool  air.  but  will  be  chilled  and  pnssoff  lis  unburned  gas  and  hmoke. 

The  flame  of  piinj  hydrogon  gad  in  almost  invisible,  but  visibility 
and  color  may  be  given  to  it  by  the  presence  of  other  substances;  thus 
carbon  will  make  it  white,  copper  green,  cyanogen  purple,  and  sodium 
yellow. 

The  white  color  of  the  flame  of  hydrocarbon  gas,  such  as  t]iat  from 
a  candle  or  that  of  a  kerosene  lamp,  it;  tltic  to  intensely  heated  ]>urttcles 
of  carbon.  If  the  flanio  i»  caused  to  imjunge  on  a  cold  surface,  some 
of  these  particles  will  be  dcpoeiteil  us  soot. 

Visible  fliirue  is  evidence  of  imperfect  combustion  or  non-oombus* 
tion.  I'bo  [iroilut-t  of  the  jH.'rfe(-t  combustion  of  carlmn  is  invJKihle 
carbon  dioxide  gas,  and  that  of  hydrogen  is  invisible  rapor  of  water. 

Take  a  lighted  contnil-draft  fceroscne  lamp  and  mljnsl  the  wick  to 
snrh  a  point  that  the  liunp  gives  a  rather  short  and  clear  while  light 
without  a  trace  of  smoke.  Now.  without  altering  the  adjustment  of 
the  wick,  gradually  obsiruet  the  opening  at  the  bottom  of  the  ccntnd- 
draft-tubo  and  ubt;ervc  the  n^till.  The  flame  grows  longer  »n<l  ita 
vbitenoss  cimnges  to  yellow  and  then  to  red.  It  begins  to  smoke,  and 
finally  when  the  supply  of  air  is  nearly  shut  off  the  flume  bas  risen  to 
nearly  the  tO))  of  the  chimney  and  a  dense  column  of  black  smoke  and 
eoot  is  given  off.  We  leant  from  this  experiment  that  with  tlie  same 
ooni^umption  of  fuel,  i.e.,  the  oil  supplied  by  the  wick,  the  flame  may 
be  abort  and  intensely  hot,  or  very  long,  of  a  low  temperature,  smoky 
and  sooty.  While  the  flame  is  lengthening  and  before  it  becomes  smoky 
the  combustion  may  bi'mrapleU',  but  it  is  not  effected  in  as  short  a  space 
as  it  was  with  tlie  original  supply  of  air.     For  a  given  sapply  of  fuel 
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a  short  flomo  means  rapid  and  complete  combustion,  a  longer  flame 
delayed  combnstion,  and  a  rery  long  ilame  imperfect  combusciou.  if 
midway  in  tlio  Ilame  nf  meiiliim  l(ingt:li  a  cool  surface  be  interposed, 
the  temperature  of  the  flume  vrtll  be  lowered,  tbe  combustion  will  bo 
rendered  imperfect,  and  smoku  and  soot  will  be  jiroduced. 

The  principles  learned  from  these  simple  experiments  with  the  flame 
of  a  lamp  are  of  great  importance  in  connection  witli  t!ie  study  of  tbe 
action  of  steam-boiler  furnaoea. 

A  Transfer  of  Heat  from  the  burning  fuel  and  from  the  hot.  gases 
produced  by  it.s  combustion  into  the  water  contained  in  it  Bleani-tjoiler 
takes  place  through  tho  metal  plates  and  tubes  of  tbo  boiler  iu  two 
ways:  (1)  by  rafliation  directly  from  the  fire  and  froni  the  hot  par- 
ticles of  carbon  in  the  flame,  an<l  {'i)  by  contact  of  tlte  hot  gases  with 
the  metal  of  the  boiler.  The  laws  of  these  two  methods  of  transfcrare 
as  yet  imperfectly  undenitoo^i.  and  there  is  a  great  lack  of  aerurate 
Bcientific  data  concerning  them.  Tho  oxperiaienlal  determination  of 
these  data  is  a  matter  of  extreme  difilculty,  on  account  of  the  number 
of  Tariable  conditions  attending  theex{>erimenla.  Such  conditions  are: 
the  extent  of  surface  exposed  to  direct  railialion;  the  temperature  of 
the  radiating  surfaces^  the  resistance  to  radiation  of  metal  plates  in  dif- 
ferent oonilitions,  more  or  less  coated  with  scale  and  soot;  the  manner 
in  which  the  heated  gases  impinge  upon  tbe  shell  and  tubes;  tlie  triple 
resistance  to  transfer  of  heat  from  the  gases  to  tbe  water,  viz.,  the  re- 
sistances of  the  external  and  internal  surfares  of  the  metal,  rarying  with 
their  condition,  and  the  resistance  of  the  metal  between  those  surfaces, 
varying  with  the  nature  of  the  uictal  and  its  thickness;  the  influence 
which  tbe  temperature  of  tbe  gnsea  on  one  side  of  the  jilate  ami  tnlw-s, 
steadily  decreasing  as  tliey  pass  from  the  fnniaco  to  the  flue,  and  the 
temperature  of  the  water  on  the  other,  sensibly  constant,  have  upon  the 
rate  of  transfer  of  heat  through  the  metal  and  its  ext4?rior  and  interior 
surfaces.  Notwithstanding,  however,  the  lack  of  accurate  knowlwige 
concerning  the  inHuence  of  these  several  variables  on  the  transfer  of 
heat  in  steam-boilers,  enough  is  known  to  enable  us  to  dftilnre  some 
broftil  general  laws,  ami  to  oxproRasomoof  them  in  empirical  fomiuloe. 
so  that  boilers  may  intelligently  be  designed  to  fill  given  requirements, 
and  so  that  tbe  probable  performance  of  any  boiler  and  furnace  may 
be  pretlicted  from  a  *tudy  of  its  design  and  dimensions,  when  the  char- 
acter of  the  fuel  is  knuvn,  within  limits  of  error  sufficiently  narrow  for 
practical  purpnseH. 

The  Capaoity  of  a  Boiler  is  its  capacity  for  producing  steam.     It 
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viuj  be  exprusisei]  in  ihe  number  of  }ieut-unit8  absorbed  by  the  boiler  in 
a  given  time,  such  aa  one  seconJ,  or  in  the  number  of  pounds  of  water 
cunvertet]  into  &U'ii\m  in  an  hour. 

"Equivalent"  EvaporatioD. — Siticti  Ibe  latter  number  will  depend 
upon  the  temperature  of  the  feed-water  and  upon  the  presaure  or  tom- 
pentturc  of  thi;  steuui,  it  U  customary  lo  e.\pn:s3  the  eupaelty  in  terms 
of  what  ia  called  "equivalent  evaporation,'' that  ia,  reducing  the 
nunibur  of  pounds  oF  eteani  actually  generated  at  a  given  or  obavrved 
pressure  from  feed-water  of  au  obeerved  temperature,  iDto  the  equiva- 
lent evyporation  jHtr  hour  from  feml-water  of  212°  into  steam  at  the 
same  tempcratitre,  or.  as  it  '\»  commonly  expretwcd,  ''  ociuivalent 
eva]H>nition  jxt  hour  from  and  at  212".'' 

The  ovaiKtration  of  a  pound  of  water  from  and  at  212"  being  tbo 
**  unit  of  evajwration"  (U.E.),  equal  to  965.7  B.T.U.,  the  capacity  of 
a  boiler  may  l>e  t^tutod  as  so  many  U.E   per  hour. 

Boiler  Horu-power. — Another  convenient  method  of  expreiuiing 
the  capacity  of  a  Iwiler  is  in  terms  of  *'  Boiler  llorse-power."  u  Ixiilor 
horse-power  being  equal,  according  to  a  commonly  acwpteJ  conven- 
tion, to  S-t^  l*.£.  j>ur  hour,  ur  34^  Wm,  of  water  evaporated  from  and 
at  IXT  per  hour.  This  latter  is  the  naual  method  of  expreasing  the 
cajtacity  of  stationary  lioilers  iu  the  United  States.  It  is  not  used  for 
marine  or  locomotive  boilers. 

A  boiler  rated  at  UK)  li.P.  would  therefore  l>e  rated  al^o  at  a 
capacity  of  ^M)  Itje.  of  water  from  and  at  212"  per  hour,  or  at 
3,331,6C5  H.T.  U.  |*r  hour,  or  325.S  Il.T.l*.  per  t>econd.  The  U.T.U. 
ftttiDg  is  not  used  iu  practice,  as  it  is  not  so  convenient  as  the  other 
metho<U  of  rating. 

It  is  to  be  noted  that  the  "rating"  of  a  boiler  as  UK)  U.P.  may 
be  very  different  from  the  actual  capacity  it  may  tfhow  under  a  given 
set  of  conditions.  The  "rating"  is  aopposcd  lo  lie  its  average  capacity 
under  easy  conditions  of  driving,  with  fairly  gooil  fuel,  uml  with 
ordinary  draft.  Two  boilen  exactly  alike  in  all  rmpects  may  both  be 
mliil  nt  1<K)  II. P.,  and  one  of  them  with  excellent  fnel  and  forr'Cil 
dntfl  may  be  actually  developing  200  li.I'.,  while  the  other,  with  |ioor 
fuel  or  insufficient  draft  or  both,  may  not  be  capable  of  developing 
over  :.^  H.P. 

The  Effldencj  of  a  Boiler  may  mean:  1.  The  ntio  of  the  heat 
alMorbed  by  it  to  the  heat  actually  gmetated  in  tlie  furnace;  3.  (Tfae 
ratio  of  the  best  aljsorbetl  by  it  to  the  bcntingTalne  of  the  c4>mbastible 
actaally  burned  (whether  ihoroogbly  or  not) ;    3.  The  ratio  of  the 
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heat  absorbed  by  it  to  tho  heating  value  or  tlie  fuel  supplied  to  the 
faniticc,  whether  oil  the  fuel  is  bumed  or  not  (some  of  the  fael  may 
fall  tliroiigli  tlie  prates  or  be  withdrawn  with  the  oahes,  and  not  bo 
buruvd).  The  first  of  tbost  efricieDcies  is  not  used  in  practice,  for  tlie 
reason  that  there  is  no  eonrenieut  way  of  estiuiating  the  amount  of 
heat  actually  generated  in  the  furnace,  or  of  determining  what  portion 
of  the  fuel  ia  imperfectly  bnrned.  The  second  and  third  are  com- 
monly nsud  and  are  thos  defined: 

_„  .  .  ^,     .    .,  Ueat  absorbed  per  lb.  combustible 

Etnciency  of  the  bodgr  =  ^,  -. r  — ^r-r-n: rrrrci— 

"^  Ue^ting  value  of  1  lb.  combustible 

,.„.  .  ..,,.,  -,        ^         licnt  abaorbed  per  lb.  coal 

Eacioucy  of  the  boiler  and  grate  =  .,    ..  — -^j '  ,  ,. .. 

•'  "  Ucating  value  of  1  lb.  coal 

The  meaning  of  the  woi"d  *' combustible  "  in  tlie  above  definitions 
is  that  portion  of  the  total  fuel  supplied  to  the  fiirnnco  which  remains 
after  deducting  its  moisture  (determined  by  a  test  of  a  samitle)  and 
the  total  amount  of  ash  and  refuse  (including  nnburned  coal)  witfa- 
dra^^Ti  from  tlie  furnace,  through  tlit-  grates  or  otberwiae.  In  ofber 
words  it  is  the  sum  of  the  fixed  carbon  and  the  volatile  combustible 
maLt«r,  or  the  "coal  dry  and  free  from  ash." 

The  Operation  of  a  Steam-boiler. — Thr  Bcvernl  events  that  take 
place  in  iht>.  operation  of  an  ordinary  uteam-boiler  may  be  briefly 
described  as  follows:  Consider  that  the  furnace  in  alreiidy  heated,  a 
hot  fire  of  iwrtially  burned  coal  or  coke  lyin;r  on  the  grate,  and  that 
the  boiler  is  delivering  steam  as  usual.  A  few  shovelfuls  of  fresh  coal 
are  evenly  spread  over  the  bed  of  hot  coal,  to  replenish  the  fire.  The 
first  thing  that  then  takes  place  is  the  evaporation  of  the  ntoiiiture 
contained  in  the  fresh  coal.  This  absorbs  heat  from  the  fire,  cooling 
It  for  a  short  time.  If  the  fresh  coal  is  of  small  size,  it  partly  (Ills  the 
interstices  between  the  pieces  of  hot  coal,  and  thereby  checks  the 
draft  aiul  diminishes  the  supply  of  air  which  enters  through  tho 
grate.  Tho  formation  of  the  steam  by  the  evai>omiion  of  the  moisture 
in  the  fuel,  together  with  the  reduction  of  the  air-sni>ply.  may  cause 
two  chemica!  actions  to  take  place  which  are  in  the  naturo  of  ••de- 
composition "  or  the  reverse  of  combustion  or  rapid  oxidation,  both  of 
which  are  detrimental  to  the  most  economical  ojjeration  of  the  boiler. 
The  first  is  the  decomposition  of  the  ciirhou  dioxide,  formed  by  the 
Ttnton  of  the  oxygen  of  ibe  air  with  the  earbun  of  tho  hot  coal  lying 
next  to  the  gratc-bjirs,  into  carbon  nimioxide.  by  the  reaction  CO,  -^  0 
=  2C0,  which  takes  place  when  carbon  dioxide  is  passed  through  a 
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1>od  of  Tery  hot  coul  or  ooke,  the  supply  of  air  being  deficient.  The 
second  ia  the  decompoititioti  of  a  portion  of  llie  steuiu  produced  by  llie 
evapomtion  of  the  moisture  in  the  coal,  by  the  reaction  U,0  +  C 
=  'ill  -t-  CO,  which  tJikes  place  when  steam  is  brought  in  contact  with 
Terv  hot  carbou.  liotli  of  these  reiictionB  or  deconip4>eitioi)a  are  cool- 
ing processeB,  absorbing  beat  from  the  tire,  and  thoy  therefore  dimin- 
ish the  rate  of  tranafitr  of  heat  through  the  heating  surface  of  the 
boiler.  Moreover,  they  both  rob  the  b**d  of  fue!  of  i»omc  of  ila  carbon, 
oouverting  it  into  combustible  gaees  which  may  escai>e  unbunied.  thua 
caiiKing  a  loss  of  heat.  Fortunately  the  length  of  time  during  which 
theee  reactions,  unfavorable  to  economy,  take  place  is  not  long  when 
tlie  Grlng  is  done  carefully,  and  the  fresh  coal  is  fired  only  in  small 
quantities  at  a  time. 

After  the  moisture  is  driven  off  from  the  coal  the  volatile  matter 
begins  to  be  distilled,  and  this  continues  until  the  fresh  coal  has 
attained  a  red  heat.  When  the  amouut  of  this  volatile  matter  ia 
small,  when  the  air-enpply  is  suflicient,  and  when  the  furnace  is  at  a 
high  tempci-ature,  it  may  all  be  completely  burneil  before  it  passes  out 
of  the  furnace:  but  if  it  Is  distilled  in  large  volume  and  is  not  brought 
into  intimate  mixture  with  air  ut  a  temperature  high  enough  lo  main- 
tain ignition,  more  or  Ic^  of  it  will  escape  unbnruod. 

After  the  volatile  matter  has  been  driven  off,  the  combustion  of 
the  remainder  of  the  co:il  or  coke  is  eompletod,  If  tlio  relation  of  the 
thickness  of  the  bed  of  coal  on  the  grate  to  the  force  of  the  draft  is 
surli  that  only  m  much  air  passes  through  the  grate  rh  will  cause  the 
complete  combustion  of  the  carbon  to  CO,,  the  temperature  of  the 
furnace  will  l>e  very  high,  a  most  favorable  condition  for  economy  of 
the  boiler.  If  the  force  of  the  draft  be  excessive,  in  relation  to  the 
resiiitance  of  the  grate  und  the  fuel  upon  it  to  the  pnatage  of  air,  or  if 
the  bed  of  coat  be  too  thin,  an  oxcesttire  supply  of  air  will  pass  into 
thy  funiace.  lowering  ita  tetn|>enitnre  and  making  conditions  unfavor- 
able to  e<roiiomy.  If,  <m  the  other  hand,  the  thi«'knet«  of  the  bed  of 
coal  is  too  great  in  itd  relation  to  the  force  of  the  draft,  or  the  draft  is 
insufficient,  the  air  supplied  lo  the  furnace  will  not  be  enough  to 
secure  complete  combustion,  part  of  the  rarlion  will  be  burned  only  to 
CO,  and  the  furnace  tempfratnre  will  be  low.  In  this  case  there  is 
thus  a  twofold  loss  of  economy:  first,  that  due  to  iltrect  loea  of  hcat- 
nnitd  by  imperfect  combustion;  and  second,  that  dne  to  low  furnace 
tem|Ktrature.  which  lessens  the  rate  of  tranufer  of  heat  into  the  boiler. 

Whiio  the  coal  is  being  burned  as  abovn  described  it  generates  a 


quantity  of  beat,  more  or  loss  occordiug  to  the  degree  of  completeness 
of  combustion,  at  a  rale  varying  from  one  inatunt  to  another  as  the 
conditiona  vary,  tlie  coal  jiiving  off  nioiature  at  one  pcrimi,  distilling 
its  volatile  matter  at  anotlier,  and  having  its  carbon  burned  more  or 
less  perfectly  at  another.  The  temperature  of  tbe  furnace  lUso  varies 
as  those  couditioua  vary,  aiid  with  it  tlie  rate  of  transfer  of  beat  into 
the  boiler  both  by  radiation  and  by  conduction. 

A  ]>orlitin  of  the  beat  generated  in  the  funiace  being  radiated 
directly  fnmi  it  into  the  boiler,  and  a  very  small  jK>rtion  eecapiiig- 
by  radiation  through  the  walli*  of  the  furnace  (if  it  is  not  enclosed 
in  the  boiler  itself,  as  iu  iuterimlly  fired  boilers),  the  remainder 
of  the  heat  passes  out  of  the  furnace  in  the  licatcil  gases  of  com- 
baslion.  These  give  up  to  tbo  boiler  a  ]>ortion  uf  their  beat  aa 
they  pass  along  the  healing  surf.-ices.  and  carry  whjit  remaint*  into  tho 
Hue  lejidiug  to  the  economizer  or  to  the  chinnipy,  as  the  case  may  be. 
How  much  of  this  beat  shiUl  be  absorbed  by  tlie  boiler  and  how  much 
sliall  pajffi  ititu  t}ie  cliiiiiney  depends  upon  a  number  of  variable  l'uu- 
dilioti^  which  will  be  discnssetl  later. 

Efficiency  of  the  Heating'  Surface. — The  two  principal  sources  of 
loss  of  heat,  iu  the  ordinary  operation  of  a  slcam-ljoilerare:  1.  The  toes 
due  to  imperfect  combustion ;  2.  The  loss  of  heat  in  the  chimney-gnsea. 

If  If,  represents  the  beat-unili^  tu  1  lb.  of  the  gases  of  combustion 
in  tho  furnace,  and  //,  the  heat-units  in  the  same  quantity  of  the  same 
gasee  as  ttiey  leave  the  boiler,  the  efllciency  of  tlie  heating  surface 
is  repreaeDteU  by  tho  equation 


F-'-LzJL 


0> 


If  T,  represenia  tho  temperatnro  of  the  gases  in  the  furnace,  and 
r,  their  temperature  as  they  leave  the  boiler,  the  efficiency  is  also  rep- 
resented by  the  equation 

T  —  T 
E  =  ^-^ (2) 


4 


on  the  assumption  that  the  8pcci6c  heat  of  the  gases  is  the  same  at 
each  of  tb«  two  temperatures. 

From  equation  (3)  we  learn  that  tho  efficiency  of  the  heating  sur- 
face may  be  increased  either  by  increasing  T,  or  by  decreasing  T^  or 
by  both.  Tlierpfore  high  efliciericy  dept^nds  both  on  high  fumaco 
temperature  and  on  low  chimney  temperature.  How  to  increase  tho 
furnace  temperature,  and  how,  with  increased  furnace  temperature,  to 
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decrease  the  chimney  tempemtiire.  are  the  principal  things  to  be 
learned  in  regard  to  the  fuel  economy  of  8  team -boilers. 

The  efliciency  of  the  Jieating  surface  correapondiug  to  diHEereut 
temperatures  jT,  oud  T,  is  shown  in  the  following  table: 

Ti  ss  2.^00'        2000"      inofl*        1000" 

T,  s=  800* 88  85  HO  70 

400* 84  80  T».9  60 

600'  80  78  M  7  BO 

«0* 78  70  m  40 

700' 73  CO  68.8  80 

800' 08  60  46.7  M 

•00* 64  55  40  10 

1000' 60  00  33.3  0 

The  highest  figure  of  efTiciency  in  the  above  table.  88^,  itia  scarcely 
possible  to  reiitize  in  practice  except  umlor  utiusual  condilione,  such  as 
the  supplying  of  tlie  furnace  with  hot  air  hcatod  by  the  utilization  of 
tome  of  the  hent  of  tlie  escaping  chimncy-gaaeti.  The  lowest  flgnre,  0^, 
represents  an  impossible  condition,  that  of  no  transfer  of  heat  from  the 
gBi«8  into  the  boiler. 

The  principles  briefly  outlined  in  this  chapter  form  the  boeis  of  the 
theory  of  the  economy  of  fuel  in  etcam-bollors.  They  will  all  be  con- 
sidered in  greater  detail,  with  reference  to  experiiueutol  data,  iu  euo- 
oeeding  chapters. 


CHAPTEB  n. 

FUEL  AND  COMBUSTION. 

Chemiitry  of  Fael  and  of  Combustion. — The  toar  principal  duB- 
if'iil  elciiicnts  fouiul  in  fiuO  and  in  tlie  air  ased  for  its  oombostioni 
airbon,  livtlro^on,  oxv^cn.  and  nitrogen.  The  chemical  Bymbobial 
tlif  iitoniic  woi^hta  of  tluv^o  four  elements  are  reBpeetiTely  G,  IS;  H, 
1:  0,  1(>;  N,  14.  The  ntoniie  weights,  or  combining  nnmben,  m 
the  tvlivtive  proportioiiu  by  weight  in  which  the  elements  always  cob- 
liine  with  eueli  other  to  fonn  ilotinite  chemical  componnds.  Someol 
tliese  eoniiionnds  mv  the  following: 

PHrts  liy  Wright. 

AViiu-r.  U.() -JM  -r  160  =  18H.0 

C'«rl>..ii  moii,.xi.I.M'0 ISC  -f  160  =  SSCO 

CarUm  .iioxi.i,-.  fO, 120  +  320  =  44COa 

MKhum-.  rll. lar -i-    4H=  18CH, 

The  names  of  the  ht^t  tiiive  coni)ioiini1s  arc  those  used  in  modflrn 
works  on  chemistry.  Their  older  names  are:  CO,  carbonic  oxide} 
VO..,  earhonie  ueid;  V\l^,  marsh-gjts.  or  liglit  eurbaretted  hydrogOL 

Air  is  not  a  eheinieal  eoni]Hnind.  but  a  mixture  of  oxygen  and 
nitrogen. 

Water-pa*!  (inirel,  'Ml  -f  CO.  i;^  a  mixture  of  two  parts  hydrogen  and 
'*S  part;!  carbon  nutiioxide. 

Carbon  is  found  in  the  jnire  and  solid  state  in  the  diamond,  in 
fliareoai,  and  in  graphite.  Combined  with  hydrogen  it  is  fonnd  in 
various  oils.  tars,  and  gases.  Combined  witli  hydrogen  and  oxygen  it 
i>  found  in  the  whole  range  of  vegetable  im-ihIuois.  It  is  the  principal 
I'onsiituent  nf  eoal  and  of  most  oilur  fueU.  whether  solid,  liquid,  or 
ga>e*>us. 

Hydr(^en  is  a  very  light  i-ombusiible  gas,  of  only  about  -^  of 
the  density  of  air.  It  irniy  W  proiluoed  in  its  pnn.»  ptseous  state  by 
the  eleetrioal  or  ehemieal  decompisition  of  water.  It  is  also  formed, 
mixiHl  with  carbon  monoxide,  when  steam  is  passed  through  a  body  of 
white-hot  carbon,  the  chemical  r»,'«etion  being  thus  expressed: 

16 
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H.O  4-  c  =  2U  +  CO. 

a  -f  16  4-  12  =     3+38  parts  by  woight. 

18  parte  steam  -|-  12  parU  carbon  =  30  parts  water  gas. 

Hydrogen  Is  a  coustitiient  of  roost  faels,  solid,  liquid,  aud  gasc-ong, 
'oombined  t>ither  witli  onrbou  or  with  both  carbon  and  oxygen  in 
Tariotis  proportions. 

Oxygen  is  an  invisible  gas,  IG  times  as  heavy  as  hydrogen.  Il  is 
found  in  thi:  gustons  »talu,  mixed  with  uilrogen,  in  air.  ('onibinwl 
vith  \  of  its  weight  of  hydrogen  it  forms  wat^r.  Tt  is  the  nnirersal 
mipi)orter  of  combnstion,  and  is  the  active  agent  of  corrosion  or  met- 
ing, forming  oxides  of  the  metals.  It  iu  found  combined  with  hydro- 
gen and  carbon  in  wood  and  other  vegetable  prodnctp,  forming  about 
40  per  cent  of  the  weight  of  dry  wood;  and  it  is  found  in  coal  in 
proportions  varying  from  1  per  cent  or  leas  in  anthracite  to  over  25 
per  cent  in  lignites. 

Hitrogen  '\&  oXao  uu  invisible  gas,  14  times  as  heavy  aa  hydrogen. 
It  has  so  liUle  i-humical  afTinity  for  other  substanced  that  it  cannot 
easily  Ite  combined  with  them  by  ordinary  chemical  methods.  The 
fixation  of  the  nitrogen  of  the  air,  or  causing  it  to  combine  with 
alkalies  to  form  fertilizers,  is  one  of  tlie  great  unsolved  problems  of  the 
chemist.  It  is  the  diluent  of  oxygen  in  air,  restraining  its  activity,  aud 
causing  combuKtion  aud  corrosion  to  be  less  ni])id  than  if  they  wore 
effected  in  pnre  oxygen.  It  is  one  of  the  chief  cAiiaesof  low  of  heat  in 
tiie  operation  of  steam -boilers,  since  it  enters  the  furnace  at  the  tem- 
perature of  tlie  atmosphere  and  escapes  in  the  chimney-gases  at  a  high 
temperature.  It  is  found  in  all  coal.-*,  usnally  to  the  extent  of  from 
0.5  to  2  per  cent  of  their  weight.  When  coal  is  distilled  this  nitrogen 
appears  in  the  vajwrtt,  combined  with  hydrogen,  as  ammonia,  KH,, 
And  when  the  coal  i»  burned  the  KH,  is  decumitost'd  and  part  of  the 
K  U  oxidized  to  nitric  aciti,  HXO,. 

Solphur  is  found  in  most  coals,  in  amounts  ranging  from  0.5  per 

ioent  to  (Hrfasionally  5  jwr  ciiut  or  more  in  some   poor  coals.     It  18 

tmilMDed  in  them  usually  at;  iron  pyrites  (sulphide  of  iron)»  bat  some- 

tttrnplfiFinlphate  of  lime.     It  is  always  on  objectionable  constituent 

of  cogil,  since  it  ciituwat  the  formation  of  clinker  by  the  fusion  of  the 

ash.     It  hu  a  tiligbt  value  as  fuel  when  in  the  form  of  sulphide  of 

iron,  1  lb.  of  sulphur  in  that  form  Iiaving  a  heating  value  about  equal 

to  that  of  \  lb.  of  carbon.     In  (he  form  of  sulphate  of  lime  it  has  no 

heating  value. 
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Properties  of  Air. — rtire  drj  air  is  coinpoacd  of  a  mixture  of 

80.91  parta  0  and  7D.09  parte  N  by  yolame, 
or    23.15  porta  0  and  7(>.8a  purU  N  bj  weight 

The  figure  20.91  is  the  average  result  of  seTeral  dctcrminatious  of 
oxygeu  in  air,  givon  in  Uempcl's  (fas  Analysis.  Tbe  parts  by 
weight  are  cuk'uiated  from  Uiiu  figure,  using  15.!J<i:i  and  14.012  aa 
the  relative  density,  respectively,  of  oxygen  and  nitrogen,  referred  to 
hydrogen  as  1. 

The  i)ro[tOrtions  usually  given  in  text-books  are:  by  volume,  SI  O, 
79  N ;  and  by  weight,  23  O.  77  N. 

The  projiortiun  of  nitrogen  to  oxygen  by  weight  is  76.85  -¥■  23.16 
=:i.330;  by  volume,  7!>.0y  -5-  %\>M  =  3.783. 

The  proportion  of  air  to  oxygen  by  weight  is  100  -¥■  33.15  =  4.320;. 
by  volume,  100  -i-  20.01  =  4.78-i. 

Ordinary  atmospheric  air,  outdoors,  contains  about  4  parts  in 
10,000  of  carbon  dioxide,  and  a  quantity  of  vapor  of  water  depending 
upon  the  temiwratnre  and  the  rehitive  humidity  of  tiie  Htmospliere. 
The  n'lative  humidity  is  tbe  percentage  of  moisture  cuiitaiued  in  the 
air  as  compared  with  tlie  amount  it  is  capable  of  holding  at  the  some 
ti'uiperaLure;  it  is  determined  by  the  use  of  the  dry-  and  wet-bulb 
thermometer.  The  degree  of  aaturation  for  different  readings  of  the 
thermometer  is  given  in  the  following  .aule.  condensed  from  the 
Hygrometric  Tables  of  the  U.  S.  Weather  Bureau. 


BBIMTIVB   HUMIUITX.   FKH  CKMT. 


FUEL  JMD  COMIiCSTJOy. 


19 


wuGora  or  air,  VAPoa  ov  watbr,  akr  SATDnATsn  MiXTi'neR  op  air  and 

VAPOA  AT  DIFFERENT  TEUPEAATL'UES,  rNDKH  TilK  OKHIKaUT  ATHOsl'UERIO 
PBBgSDRB  OP  S9.9S1   INCUU  OP  HEKCL'RT. 


3 

b 
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The  wslf^lit  In  lbs.  of  the  rapor  mixed  with  100  lbs.  of  para  air  at  uxj  givMi 
tempenUun  uid  prewore  b  gtveo  by  tlio  fi>rniiiln 

62.3  X   K      21K92 
30.03-/?^      p   ' 

'  wbwtt  Sss  eUatie  foree  of  the  vapor  at  the  RiTen  iemp*nitur*.  In  inclicH  of  m#r- 
cai7;  p  ■=  aUaoIme  prrsBure  in  inpliwn  of  mercury,  =  20.93  for  ortlinarj'  attu'ia- 
pherio  prvMurs. 

OXYOB.t   AMD  AIB  R&QCIHKD  POV  THS  COMBCSTION  OP  CAADON,  IITDROHRX,  ETC. 

Oumldal  Bnuilou. 

C»rboBto  CO,  0  +  30  =  00, 

Carbnn  lo  CO f  +  O  =  CO 

I  Carbon  mrtut>\  idn  lo  CO CO  +  O  =  CO, 

Htdrogen  to  U,0 8U -f- O  =  il,U 

L   Mrt  n.'o^"*  ^.^.\ \     CH.+4o=co..f an.o 

fSolphurVso/ .'!.'.' Si-30  =  »0« 


l.bft.0 

urr  111, 
rnel. 

Air  ppr 
Ih.  = 

Ommxw 
rroducfe 
p»rlb. 

81 

!■ 

8 

8.80 

4.48 

1.00 

36.06 

11.83 

5.76 

2.47 

84.86 

1S.S3 
6.70 

8.47 
80.06 

4 

is.sa 

17.28 

IS.  28 

1 

8.32 

4.33 

5.83 

KUM. 


Symbol. 


UlilMHITlKE 

OP  OAEK.^. 

8)  M!  lite 

Or»»lty. 
AIrM  1. 

Wl.  of 

t  tiin. 

Qroiiui. 

W(.of 
1  cu.  ft. 

RcItttWe 
I^ufclty. 
H  =  1. 

Do.,  a 
proxiui 

1.I0&21 

1.49003 

0.088»48 

15.00 

~ 

16 

0.0701 

1.2.V)38 

.078314 

14  01 

= 

14 

0.009234 

0.08&:>83 

.O05.V<9 

1 

= 

1 

1.511KI8 

l.»0it:i3 

.12a0«l 

21.95 

^ 

22 

0. 96709 

1.25133 

.078<y71 

13.97 

^ 

14 

CfinSST 

0  7IW9 

.044440 

7.99 

=^ 

8 

U.B6T44 

1.35178 

.078100 

lil.97 

=: 

14 

o.aotwu 

I.1U21U 

.073010 

12.97 

:= 

18 

3.31-'»5 

a.tMissd 

.178640 

31.06 

=z 

33 

1 

1.20»» 

,080728) 

k 


Oxygen,.., O 

NllntgLii N 

Hjrdrogen H 

Carliciii  rlioxiile C0| 

Carlxin  tnnnoxide,. . .  CO 

MetliKiiN on. 

KUiylenv C,H« 

Ao«t}-luue CaH, 

SuliiUur  (lioxitlt^. . . .  S0| 

Air 

Tbe  lirHi  two  coSumnH  of  figures  an  from  Ilempere  iias  AdkIjtsIs,  credited 
Iberoln  to  l.*rniuli  itiid  BOrimU'iu'a  Phynkulufh-ehtmiacht  Tahillen.  'I'ho  Hire 
weights  are  reterre<)  to  Iterlln.  Tlie  w«ij^bt8  p'T  cubic  foot  tre  haficd  on  tlie 
weigUt  oC  air  (*iveu  by  Itaiikmc.  0.0B072S  lb.  per  rii.  ft.  at  '£i*  V.  ard  nimospberic 
pruiisurL',  and  Ibe  li>;ure8  in  Ibe  culumu  ni  efivcific  f;ravities. 

Heating  Valoes  of  Various  Substances. — I'ho  followiiig  lable  giTce 
the  heating  vahie.*!  of  ditltTwit  pure  fuelH,  us  det*frniinw3  bv  bnming 
tbein  ill  oxygeu  iu  a  Cftloriniclcr: 


flKAT  OP  COUBl'eTIOB  OP  VAKIOCB  HUUSTANCltS  IN  OXYflKS. 


Ceiit. 


Hcnt-unlCs. 


TTydrneeH  to  lifiiii<I  water -J  oj'oio 

C'arb>>n  (wood  clisrooal)  l»  carbon]  8,Ot4U 

dinxidf,  CO (  8,187 

Carbon,  diamcniil  t<>  (."O, 7,BS0 

'■        lilrti'k  diamond  to  CO, 7,861 

"        grapliiti-  l<i  (."Oj 7,901 

('arbon  Iu  carbtia  nioiHUide,  CO....  3,47S 

CO  to  CO,.  p«r  unit  of  CO |    JJJI? 

Cnti>Co,  |.er.iiiin.f  C,=  21  X  S403       5,6U7 
MMbftM  (mar»h.gas).   Cri,   to  tX),  (  IS.120 

nndn,0 /IS-OfW 

EtbTlene  lok-ftuiit  pas),  C,1l,  to  (X),  (  I  I.H-W 
■ftiidll.O   (  ii.e.'k? 

Benzole  |fa8.  C.U,  to  CO,  and  H,0.  \^^^^i 

A  vtvViK-  C.H.  |..C<>«ai>d  n,0...      lfUO» 
Uulfdiuf  to  SO, a,2,vi 

Tlie  bcttitnfr  ra1u»  of  methitne,  CU* ,  if  calculated  acconViD^  to  Its  cumpositlon 
by  il.B  forrnnla  BOSIK.'  -f-  34,46'.'H,  uHrujr  Favre  and  8iIb«nuaun'B  figures,  ii 
H.07-'jCfntigraJebpaUuuiU,  infrt«*ad  i.f  1.1,0(18,  ilip  vuliM-deU-rtuined  by  n  ciilortm- 
vtt-r,  u  ditlcruucf  of  lOl'i  liuai-utiii.s.  Tliu  cakulaU-<l  li>-tttitit,'  value  of  ctLyt«ae, 
0«n«,  is  11. M9.  »d  tlial  of  iteiiiutir  (fas,  r«II.,  \n  10,109  lieal-unita,  djflorlng^ 
nopectlvely  trmo  the  calorloiftric  va1u(«  only  9  and  7  beat-naltA. 


Kaliv. 
6S.032 
Ol.t^lO 
14.&44 
14.647 
14,140 
14,130 
14.222 
4.4ol 
4.:r25 
4.-.'«a 
10.  o»:} 
2».61(( 
2«.r,18 
Sl,:t44 

18,1H4 

17,847 

18.196 

4.0JM) 


Antliorfty. 

Fiirra  and  Silbvniiann. 

TboiDseD. 

Fnvtv  and  Silbvmuuio. 

Burt  b«]  01. 


Favre  aud  Silbormatui. 

Tbomst'n. 

Fuvri:'  and  Silbarmaun. 

Tbomsi-n. 

Fttvre  and  Sltbomuum. 

Tboiusen. 

Fnvrp  and  Htlbvniuuin* 

Cal-'iilated. 

K.  W.  Uttl.* 


^Sc«  Appendix  to  tliU  chapter,  Ueatlog  Value  of  Sulpbur  xa  Cual,  p. 


In  calculatious  of  the  heating  vahic  of  mixed  fuels  t]io  value  for 
carbou  is  <M}iiiiiiotiiy  Ukeu  hi  1-1-,600  ]{ritidh  thei'tiial  uuiU,  vliicli  a. 
approxiniiitcly  the  ovcrngo  of  the  flgtii'es  given  by  Fuvre  tmd  8ilber- 
tnunii  und  by  Uertlielot,  and  that  of  hydrogen  at  G'3,U00,  wliicU  is 
nearly  the  average  of  tlie  figures  of  Farre  and  Silbt^rmann  and  of 
Thomseo. 

Taking  the  heating  valuu  of  0  burned  to  CO,  at  14,600  B.T.U.. 
and  that  of  G  to  CO  at  U^iOy  thcMlifTereucc,  lOJW)  H.T.U.,  is  the  heat 
Io8t  by  the  imperfect  combustion  of  each  pound  of  carbon  burned  to 
CO  instead  of  CO,.  If  the  CO  formwl  by  lliis  iniperXuct  combusljon 
IH  aft*rwanU  buruKl  to  CO,,  the  lost  heat  la  regaiueil. 

Heat  Absorbed  by  Decomposition.— Uy  the  dceomi>ogition   of  u 
emiL-ul  compound  a^  nau:h   heal  is  abtiorhed  or  rendered  latent  ail 

evolved  when  the  compound  was  formed.  If  I  lb.  C.  ia  hunie*!  to 
CO,,  generaiiug  14,000  li.T.LJ.,  and  the  CO,  tbus  formed  is  immedi- 
ately reduL-ed  to  CO  by  passing  it  through  a  body  of  glowing  carbon, 
by  the  reaction  CO^  -f  C  =  2(!0,  the  result  is  the  aanio  as  if  the 
a  lbs.  C.  had  been  orijfiually  burned  to  ^CO,  generating  3  X  4450  = 
8900  B.T.U.  Tlio  2  \hs.  C.  burned  to  CO,  would  gcnt-rate  1>  X  14,600  = 
29.300  B.T.r.,  the  difference,  30,200  -  8900  =  20,300  li.T.U.,  being 
absorbed  or  reudered  latent  iu  the  3C0,  or  10,150  B.T.U.  for  each 
pound  of  carl>on. 

In  like  maimer  if  9  \he.  of  water  (which  might  be  formed  by  bnni- 
ing  L  lb.  LI  with  llie  geuorutiou  of  G2.00D  B.T.IT.  uud  cooling  the 
restilting  11,0  lo  the  atmospheric  temperature)  bt^  injected  into  a  large 
bod  of  glowing  coal,  it  will  be  decomposed  into  1  lb.  II  and  8  lbs.  O. 
TbodcconipOiition  will  absorb  62,000  B.T.U.,  cooling  the  beil  of  eool 
tbia  amnuut,  and  the  same  quantity  of  heat  will  again  be  evolved  if 
the  n  is  subsequently  burned  with  a  fre^h  supply  of  0.  The  H  lbs,  O 
will  enter  into  combination  with  Q  lbs.  C,  forming  14  lbs.  CO  (since  CO 
ia  com|K)Bed  of  Vi  parl«  C  to  IG  parla  O),  generating  0x4450  = 
26,700  H.T.U.,  and  «x  10.150  =  60.000  B.T.U.  will  be  latent  in  this 
14  Ibe.  CO.  to  bo  evolved  later  if  it  is  burned  to  CO,  with  an  additional 
supply  of  8  Mm.  O. 

Heating  Value  of  Compound  or  Mixed  Fuels. — It  is  onatomary  to 
consider  the  heating  value  of  a  compound  or  mixed  fuel  as  being  equal 
to  the  sum  of  the  heating  values  of  lU  elementjiry  constituents,  and 
to  calculate  it  by  means  of  Putong's  formula,  which  is,  using  approxi- 
mate figure8,in  Brittsli  thermal  units. 


Heating  value  = 


8140C  -f  34,400(n  -  u]  +  2250S 


in  Centigraije  units,  iu  which  C,  II,  0,  and  Sure  respectively  the  per- 
centages of  eurhon,  hyUrogeu,  oxygen,  and  sulphur  conUtinei)  in  tho 
fuel.  The  tenii  H  —  ^0  is  calkn]  the  "  jivjiihiblo  "  or  *' di8])0&tble  " 
lij'drogeii.  or  that  which  is  not  combined  with  oxygen  in  the  fuel. 

This  formula  does  not  apply  in  the  case  of  a  ujixed  guaeous  fuel 
containing  carbon  monoxide,  since,  as  shown  in  the  table  given  al)Ove, 
1  lb.  C  iu  the  form  of  CO  generates  when  burning  to  CO,  only 
10,093  B.T.U.  insteaii  of  14,044  15.T.U.  (Favre  and  Silbermann's 
values),  the  difforencie,  44.'il  B.T.U. ,  having  alrea«ly  been  generated 
when  the  CO  was  formed.  The  fonnnla  also  does  not  appear  to  hold 
true  in  the  case  of  some  hydrocarbon  gaaeous  fuels,  as  iu  the  case  of 
methane,  mentioned  iu  the  nut«  uuder  the  tublL*,  while  on  tlie  other 
hand  it  does  appear  to  bold  iu  the  case  of  ethylene  and  benzole. 

For  all  the  common  varieties  of  coal,  cannel-coal  and  some  lignites 
being  excepted,  it  is  accunito  within  the  limits  «f  error  of  chemical 
analyses  and  cjilorinietric  dcterminaliong,  as  is  shown  by  the  recent 
experiments  of  Mahler  and  of  Lord  and  Ilwts,  which  are  discussed 
elsewhere  in  this  volume. 

"Available  Heating  Value  "  of  Hydrogen. — Some  writers  in  giving 
the  healing  value  of  hydrogen  subtract  from  its  total  calorimetrio 
value.  62,000  B.T.U.  (found  by  buruiiic  tlie  gaa  in  a  cjdorimeter  in 
which  the  steam  generated  by  the  comhiistioii  is  condensed  and  cooled 
to  the  temperature  of  the  water  in  tlie  calorimeter),  a  (|uautity  rep- 
resenting the  latent  beat  of  the  steam  generateil.  viz.,  9(35.7  RT.U. 
per  lb.  steam,  or  9  x  9li5.7  =  8691.3  B.T.TT.  per  Ih.  hydrogen,  tnnking 
the  net  heating  value  of  hydrogen  "  burned  to  steam  at  212°"  62,000  — 
8H9I  =  53.309  U.T.TT.  per  lb.  Otliera  Bnhtract  also  an  additional 
qimutily  representing  the  dilTerenco  between  the  heat  in  the  B  lbs.  of 
water  comlonsed  from  the  steam  at  312"  and  that  in  the  same  water 
when  cooled  down  to  a  given  standard  temperature,  such  as  62".  This 
differenceis  150.9  B.T.U.  per.  lb.  water,  or  9  X  150.9=  135^.1  B.T.U. 
per  lb.  hydrogen,  which  subtracted  from  53,309  gives  51,951  B.T.U. 
as  the  available  heating  value  of  1  lb.  hydrogen  burned  with  8  lbs. 
oxygon,  both  guscia  lHMng«ii[iiilicd  at  62°,  and  the  product,  9  lbs.  11,0, 
escaping  aa  st^ani  at  212°. 

This  use  of  heating  values  of  liydrogen  "burned  to  steam,"  in 
computations  relating  to  combustion  of  fuel,  is  inoonrenieDt,  since  it 


PUBt  AND  COAfBUSTIoy. 


necessitatos  a  &tat4?moiit  of  tho  comUtionK  upon  which  tlie  ftgures  ara 
buatHi;  aud  it  is.  iiiureover,  misleadiu^,  if  uot  iuaccurate,  since  hy- 
drogen in  fnel  it*  not  often  bnnie<l  iu  piitv  oxygen,  but  in  air,  tho 
tem{>erature  of  the  j^ases  before  burning  is  not  often  tiie  o&sumed 
fltandard  temperature,  and  the  prodiiotd  of  combiibtiou  an.'  rarely  dis- 
charged »l  2r-i°,  In  steam-boiler  practice  the  chimney-gases  arc 
usually  discharged  at  a  temporatnro  above  :J(K)'*;  but  if  economizera 
are  uaed,  and  tiie  wat«r  tjupplied  t«  tbem  la  cold,  the  gaaee  may  lie 
cooled  to  lte\o\r  ^I'J",  in  wliich  cam  tin;  steam  in  tlie  gases  is  condensed 
and  its  lateut  beat  of  evaporation  is  utiliited. 

If  there  is  any  need  at  ull  of  using  figures  of  the  "available  "  heat- 
ing value  of  hydrogen,  or  of  it*  henting  value  when  "burned  to  steam," 
the  fact  that  the  gas  is  burned  in  air  and  uot  in  pure  oxygen  should 
be  taken  into  conHideraUon.  The  resuUing  Ogures  will  then  be  much 
lower  than  those  above  given,  and  they  wiU  vary  witli  different  con- 
ditions, as  shown  below. 

(I)  Suppose  1  lb.  n  to  he  burned  in  just  enough  air  to  supply  8 
lbs.  O,  that  tlie  II  and  the  air  are  supplied  at  63^.  and  the  products 
of  combustion  escape  at  'iVZ°.     We  have: 

Total  ln-Biins  Tiihio  of  1  Ih.  It 03.O(K)  B,T,TJ, 

IlKUt  loKi,  Inttuit  linat  or  9  ll».  M.O  at  212*...  .=  6681 

9lVw,  I1,0}ieaieil  from  82°  to  213" =  IflfiS 

Nitrogen  wiili  8  Uih.  O  bt-&u<]  from  OT  to  313° 

=  B  X  8.82  X  150  X  y.24tW  (NiR-ciflcbe«t)  =     071     U.030      " 

Net  ATaiUIiW  liKntltig  Talae N,B80       " 

(3)  Suppose  that  the  air-anpply  is  double  that  requiroti  to  effect 
the  combnstion  of  the  If^  other  conditions  being  the  same  as  in  {1). 
The  additional  heal  lost  will  bo: 

BtCMii  Kir  8  X  4-32  =  84.M  lbs.  X  ISO  X  0.3870....=     1,231  B.T.U. 
Wbicli  will  nxlnoo  tbo  tiet  liesilog  value  to 49,719       " 

(3)  Suppose  that  with  the  double  air-8upp!y  the  products  of  com- 
bQstioQ  escape  at  ^<t-Z°.     The  heat  lost  will  then  be  as  below: 

ft  lbs.  water  lieated  from  03"  lo  212" 1.358  B.T.U. 

UteDt  heal  of  9  IbB.  UiO  ftt  212*.. 8,Wl       " 

Suin>rb«at«d8t«ain,81b«.  X(A62— 2]2)X  0.4a(8p.  bt.)  1,512      •• 

Nilrot^D,  90.06  X  (1162  -  62)  X  0.3438 8,288      " 

ExeeaiaU.  Si56xl&62-e3)x0.2873 4,104      " 

Total  loiiaaR 18,902      " 

"Which  subtracted  from  63,000  gives  4l,0£)8  B.T.U.  as  tlie  net  avail. 
able  healing  valae. 
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It  is  bettor  in  all  calculutionB  of  the  heatiug  value  of  fuel,  aud  of 
the  resulU  of  combustion  in.  sicum-boiler  practice,  to  avoitl  the  uso  of 
ihie  80-cuiIud  "UYuilublu  heutiug  value/*  aud  to  take  tbe  beuling  value 
of  Uj-ilrogyu  (or  that  part  ol  tho  hydrogen  which  is  not  already  com- 
bined with  Dxygcu  in  the  fuel)  at  <i2,0t>a  B.T.U.  Tho  vahous  heat 
losses,  caltMilateil  as  above,  wiiiuh  vary  with  the  conditions,  are  tlieu 
not  subtracted  from  the  lieating  value  uf  the  fuel,  but  :ii-e  Uiken  as 
losses  of  heat  in  the  chiuiucy-gaiMM. 

In  cnlcuIationM  of  tho  relative  commercial  valuu  of  different  fuels 
containing  hydrogen  or  water,  however,  iwcuimt  must  be  taken  of  tlio 
loss  of  heat  duo  to  superheatud  steaai  escaping  in  the  chimney -gases. 

Available  Heating  Value  of  a  Fuel  containing  Hydrogen. — The 
total  healing  value  of  a  hydrugcnouts  fuel  buiug 


14,G00C  +  62,OOo[n  -  g], 


to  find  the  arailable  heating  Talne  for  any  oesumed  temperature  of  the 
air-supply  and  of  the  eliimney-gases,  we  subtract  the  heat  lost  in  the 
superheated  steam  which  escapes  into  the  chimney,  or 

9H  X  [(ai2'.9 -/)+ 965.7 -(-0.48{r  -213")], 

in  which  t  is  the  temjierature  of  tho  air-s«pp]y  and  T^  that  of  the 
chimney •gaaca.  Tine  (uilculation  taketi  no  ai:<;cnnt  of  the  nitrogen 
which  is  in  the  air  required  to  bum  the  hydrogen,  nor  of  the  excess 
air-supply,  the  loss  of  heat  due  to  these  being  considered  as  part  of  the 
loss  in  tho  dry  chimney-giises,  consisting  of  00,.  CO.  0.  and  X.  (The 
figures  'i\l.\)  and  'J05.7  are  usually  taken  ha  213  and  !>GG  with  suffl- 
cient  accuracy.) 

Example. — What  is  the  total  hrmting  vnhie  and  the  arailahle  hpat- 
ing  value  of  1  lb.  of  nombustible  consisting  of  O.DIC  +  .05H  +  .040, 
the  air  for  combustion  being  supplied  at  62°  and  the  cliimnt-y-gases 
escaping  at  502°  ? 

Total  Iip»tlnj?  vuluc.  0.91  y  14.8004- .(14S  x  63.000 =  16.0T«  B.T.ir. 

Heatioai  in  steam.  9  x  .Or^lW  +  Bfiii  +  (0.48  X  350)] =       rV78      •■ 

Diffeirnce.  or  ivailable  VBllne  Tatu« 1S.4B8      '' 

Tho  heat  lost  in  the  Btcain  is  about  3.5<ie  of  the  total  heating  vahic. 

Available  Heating  Valne  of  a  Fuel  containing  Hydrogen  and 

Water.— In  this  case  tho  heat  lost  includes,  besides  that  diiw  to  th* 
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: 


superheateil  Attnim  luruied  by  Lim  combustion  of  tlie  available  hydro- 
gen, ihat  is,  the  hydrogon  of  the  dry  fuel  less  one-eighth  of  the  oxygeu 
of  the  df)'  fuel,  ihe  hcut  due  to  the  saperheated  steam  formed  from 
the  water  iu  the  fuel,  or 

(911  +  11)  X  [(313 -O  +  ^ti^H- 0.48(7; -212)], 

in  which  If*  is  the  vatur  in  1  lb.  of  the  fuel. 

KxAUPLE. — What  is  the  available  beating  value  of  1  lb.  of  moist 

vood  whose  analysis  is  ZSC,  511,  3'^U.  1  ush,  24  water,  =  100^.  the 

air  being  supjilied  at  U'i'*  F.  and  the  cbimney-giis  escaping  at  412''  ? 

T.-tal  litHUingroluQ.SdX  14,60U -f  (5— •!)  X  ft-NOOO - =  6168  B.T.D. 

Ucat  lofiC  {n  sup«)rliHU>d  sUsiti,  {9  x  -05  +  ^•^) 

X[150-t- 980 +  V0.4ti  X  aoO}] =    836      " 

Available  lienting  tkIub =  5333      " 

The  heat  lost  iu  the  steam  in  this  case  ia  nearly  14^  of  the  total 
heating^  value. 

Temperature  of  the  Fire. — Aiciauniiiig  that  a  pure  fuel,  such  as 
carbon,  is  thordiighly  btiriii-d  in  a  rnnuice,  all  of  th«  heat  goneratod 
will  be  tniiisfcrred  tu  the  gaseous  pioduc-ts  of  combusliou,  raising  their 
temperature  above  that  at  which  the  fuel  and  the  oxygen  or  wr  are 
Fupplied  to  the  furnace.  Sup^wse  that  I  lb.  C  ia  burned  with  2|  lbs. 
O,  forming  ^  Uw.  CO,,  both  the  C;  and  theO  being  supplied  at  0°  P. 
The  combastion  of  the  1  lb.  C  generates  14.CU0  B.T.U.,  which  will 
all  be  contiuned  in  the  Sij  lbs.  CO,.  The  specific  heat  of  CO,  is  0.317; 
that  is,  it  ruquiros  0.317  B.T.IT.  to  raise  the  tertiiierature  of  1  lb.  of  CO^ 
one  degrwi  Fahrenheit.  To  raise  3|  lbs.  CO,  one  degree  will  require 
3}  X  0.217  =  0.r£iS7  R.T.r.,  and  14,600  U.'V.V.  will  therefore  raise 
its  temperature  14.«f»o  -^0.7:>57  =  18.:(50'*  F.  above  the  t^-nipemturo 
Et  which  the  C  and  the  O  were  supplied.  The  temperatures  thus 
calculated  are  known  as  theoretical  tempenUnres,  and  art-  based  on 
the  asAumptions  of  pt^rfcct  combustion  and  uo  loss  by  radiation.  The 
temperature  of  18,350"  is  far  beyond  any  temperature  known  in  the 
arid,  and  it  is  probable  that  long  l>pfore  it  could  be  reached  the  pho- 
Domenon  of  dissociation  would  take  place:  thot  is.  the  CO,  would  be 
split  up  into  C  and  0,  and  the  olemontd  would  lose  their  aOiuity  for 
ea<?b  other. 

The  theoretical  elevation  of  temporatnre  of  the  fire  may  con* 
veniontly  bo  calculated  by  the  formula 

,,,      ,.        . .  B.T.TT.  generatiHl  by  the  combustion 

Elevation  of  temp.  =  ,,.-  ,^    .  ,    '^- li-^      -  -^r-i — 

Weight  of  gaseous  products  X  their  specific  heat 


I 


It  18  evident  from  thiH  formula  that  the  mpitlity  of  iho  couibustioD,  or 
tho  time  required  to  burn  a  given  weight  of  fuel,  has  nothing  to  do 
witli  the  temperature  that  may  theorotieuJiy  be  attained.  In  practice 
the  temperature  of  u  bed  of  coal  in  a  furnace  and  that  of  the  huniing 
gases  immediately  above  tlie  coal  arc  reduced  to  some  ei:tent  by  radia- 
tioQt  and  aa  the  quantity  of  heat  rudiated  from  a  given  mass  of  fuel  is 
a  function  of  the  time  duriug  whicli  it  Uikut*  pl]u:e.  a  considerable  por- 
tion of  the  heat  generated  may  be  lost  by  ra(.tiaiion  when  the  combus- 
tion is  very  tsbw.  With  onjiuary  rates  of  combustion,  however,  say 
10  Iba.  of  coal  per  sq.  ft.  of  grate  surfat:e  per  hour,  and  fire-brick 
furnaces,  the  percentage  of  loss  of  heat  by  radiation  is  quite  small, 
1^  or  less,  and  Uie  av-tual  temperature  that  may  he  attained  will  be 
very  nearly  aa  high  with  tliat  rate  of  combustion  as  with  a  nite  of  20 
or  40  lbs. 

Haximtun  Theoretical  Temperature  due  to  Burning  Carbon  in  Dry 
Air.— 1  lb.  C  burned  to  CO,  generalei  U,tiOU  Ji.T.U.  The  producU 
of  combustion  are  3J  lbs.  C'f\  +  *JJx3.32  =  8.85^  Iba.  N  =  12.53  lbs. 
gas.  Taking  the  si>ecific  heut  of  CO,  at  0.217,  and  that  of  N  at 
0.2438,  we  liave  for  tlie  Ej>ociIIc  heat  of  the  gas 

(3|  X  0.217  -f  8.8153  X  0.2438)  -4-  12.52  =  0.23fi9. 

The  elevation  of  temperature  of  tho  flr*  aboye  the  atmoftpherio 
temperature  h  14,G0(l  -i-  12.62  X  0.2359  =  4942.5'. 

If  the  atmospheric  temt>erature  is  62"  F.,  then  the  temperature  of 
the  fire  is  i^5(i  -h  62  =  5004.5.* 

The  temperatures  found  by  the  above  calculations  can  noTor  be 
readied  in  pnioticc.  since  it  is  not  possible  to  effect  complete  com- 
bustion without  a  considerable  excess  of  air  above  the  theoretical 
ref)uireincnt.  It  is  also  probable  that  tlie  specific  heat  of  the  gases  of 
combustion,  at  high  temperatures.  i»  higher  than  the  figures  given, 
■which  would  laave  tlie  etiect  of  reducing  the  temperature. 

Taking  tho  specific  heat  of  the  ga£es  at  0.237,  the  figure  commonly 
taken  iu  tent}>erature  calculations,  tlie  calculated  elevation  of  tenijH>ra- 
taw  i«  14,600  -5-  12.62  x  0.237  =  4920°  F. 

TUCFBHATtnUI  OF  THS  rUU£.  CAKIIOX   BKIKO  DUBMBU  PART  TO  CO  ASS 

PART  TO  CO.. 

Ileatiufr  Tnlu«  ore  burned  to  C'O. 14.600  B.T.U. 

"      ■ CV 4.450      " 

1  lb.  C  lo  CO,  ,  with  DQ  «xc««s  of  ftir,  gi*eB 19  Ki  \hs.  gnt. 

lib.  CioCO,       "    «.?«    -       " 


* 


-Airsuppiv  b«low  11.52  lbs.,  per  oi-Dt.. 

Air  per  lb.  C.  lbs 

Air -f- C  =  gaa,  Ibft 

C  barovd  la  CU, ,  percent 

<:      ••       ■•  CO       ■•      "    

Hvnt  gcDf  ratml  i  ii  uink  iiig  CO. .  B.T.  D. 

CO 

Total  heal  generated 

KltfVttiloonf  iMnpt-ratureof  firu(lik-  J 

tu^  ?(pecirio  bviit  iif  i^oMH  nl  0.£4)     [ 

TCMPKRATDRB  OT  THE  PIRK,  CARaON  BtTRKKD  TO  COt  WITH  KXCEBS  OF  AlU. 
Alrflupplf  above  11.^2  lbs..  percBOt.       S5  SO         7S         lUO        150       200 

Air  per  lb.  C,  Itw 14.40    17.28    20.16    23.04    SS.tW    84.58 

Air  +  C  =  K".  "»     -••     IS-W    1828    Sl.lfi    24.04     29.80    B5.56 

Klevitioiiof  tt>mi<er&tureorara SSM)'     3^2(1*    2875'    SSSO'    3U41*    1711* 
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CARBOK   ttURNKU  PART  TO  COi  AND  TAKT  TO  CO  WtTII  EZCKM  OT  AtK. 
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Maximum  Theoretical  Temperature  due  to  Burning  Hydrogen  in 
Dry  Air.— 1  lb.  U  burned  to  11,0  genemtea  63,000  H.T.U.  Tho 
products  of  combustion  are  9  Ih^.  H^O  (superbeated  strain)  and 
8X3.32=26.56  lbs.  N.  Lot  ^  =  temperature  of  the  atniospbere 
and  7*4- 1  =  lemiierature  of  the  products  of  combustion,  0.48  =  spe- 
cific heat  of  3Dj}i>rheated  steam,  and  0.2438  =  speciiJc  heat  of  nitrogen. 
Then 

62.000=:9[(3U.9-0+9C5.r+0.48{rH-^-212}] +36.56X0.24387'. 
213.9  is  the  B.T.U.  above  0"  h\  in  I  lb.  of  wiiter  at  212*',  965.7  is  ih© 
latent  heat  of  evaiwration  at  213°.  and  0.48{7'-f  t  —  212)  Is  the  heat 
required  to  he:il  1  )h.  of  steam  from  212°  to  the  tcmjHiralure  i'-f-^. 
Taking  t  at  63',  we  have 

ti2,000  =  9[li)44.G-f  0.4.S7^  -f  6.4r5r 
=  9401.4+  10.7957'. 
Whence  7"=  4872.5,     and     T-\-t  =  4934.0°  F. 

The  term  (212.9  —  t)  is  UBiially  written  (312  —  /);  the  difference 
is  uiiiniporlunt,  cuuslii^  less  than  1°  F.  error  in  the  result. 

The  maxinuim  Iheoreticiil  tempenitiirn  due  to  bnrning  hydrogen 
in  air  and  tlmt  due  to  burning  carbon  in  air  are  Tcry  nearly  the  same. 
Temperature  of  the  Fire,  the  Fuel  containing  Hydrogen  and 
Water. — The  jiaseous  pro<hict«  of  combustion  in  this  case  wil!  contain 
Buperheuted  sleum,  formed  from  the  combustion  of  the  hydrogen  i7i 
the  coal  and  the  evaporalion  of  tlie  moiHture-  The  calculation  of  the 
temperature  of  the  tire,  assuming  perfect  combustion  and  no  lota  by 
radiation,  mny  Xte  made  in  tlie  foHowinj;  nmnnor.  Reduce  the  analy- 
sis of  the  fuel  iu  perceuluges  of  C,  11,  0,  and  uicjiiture  to  decimal 
parts  of  1  lb. 

Let  B^■=  H  —  \0  =  avaihible  hydrogen; 
W  ^  moisture  in  the  fuel, 
7=  elevation  of  the  temperature  of  the  fire  above  the  aimos- 

phcric  temperature; 
i  =  temperature  of  the  atmosphere,  say  60*  F. ; 
X  =  latent  heat  of  evaporation  at  21^"  —  9G(>; 
a  =  heating  value  of  1  lb.  of  carbon  =  14.600; 
ft=      "  .*     u   1  lb.  of  hydrogen  =  62.000; 

f=.  lbs.  of  drj'  gas  per  lb.  of  fuel  =  CO,  +  N  +  exoew  ftir; 
c  =  specific  heat  of  tho  gas  =  0.237; 
9fl^—  lbs.  of  steam  forniwi  by  bnniiiig  the  avaihiblc  U  ; 
W+  911  =  superheated  steam  in  the  gases; 
0.48  =  specific  heat  of  superheated  steam. 
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FUEL  AND   CO^IiVSriON. 
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The  total  heat  developed  by  burning  1  lb.  of  the  fuel  vill  be 
<iC+  bH^  ticM-uuita. 

All  of  this  hciit  will  bo  ntilised  in  mising  the  temperAtnrc  of  the 
gas  und  steam  U>  T"  above  the  atiuot9i>heru.  The  dry  gas  wiU  contain 
cfT  heut-units,  and  the  tjuperlieated  steam 

( irH-9/r)[212.J)  -  <  +  i  +  0.48(7'+  t  -  212)]. 
We  have  then 
cC+Atf,=0.237/T+(»-fSI//)[212.9-/+i+0,48(7'-|-/-212)] 

~  [0.237/+  0.«(  If  +  SHI}]  r  +  (  »■  -h  9//){1077  -  0.52/). 
Transposing, 

_  _  aC+  hH,  -  ( ir+  9//)(1077  -  0.52/) 
■^  ~  0.237/ -i-  t).4S(»r+  9//) 

Subfltitntittg  for  a,  ft,  and  //,  their  values,  and  taking  /  =  62', 
U,G00g+62,000(//-  ^0)  —  1044.U(n+9tf) 
0.237/+0.48((r+9//) 

Takiug  C  //.  0,  and  TT  iu  ptircentageB,  iniiti->ad  of  iu  decimal  parts, 
tlio  formula  reduces  to  (a  very  close  approximatioD) 

616£?H-2220if-  ^210  -UW 
7+ 0.02  ir+ 0.18// 

Examples. — 1.  Girenacoal  whoso  analysis,  excluding  ash  and  bdI- 
phnr,,  16  75C,  SO,  100,  and  10  moistnre,  with  dry  gas  =  20  Ibe.  per 
lb.  of  this  couibustible,  including  moisture: 


r= 


tUfi  X  75  4-  2230  X  5  -  327  X  10  —  44  X  10 


=  2538* 


20  -t-  .02  X  10  +.  18  X  5 
ir+/  =  2600"F. 

The  first  of  the  two  formnlnf  gives  2602*  F. 

The  sulphur  in  coal  may  be  negli'cted  in  calculatious  of  tempera- 
tnre,  since  3  per  cent  of  snlphur  would  not  increase  the  temiwruture 
one  per  cent,  taking  4000  B.T.U.  us  the  heating  value  of  sulphur. 
The  error  dne  to  nofilectlng  it  is  lens  than  the  probable  error  of  tlie  fig- 
ure, 0.237,  for  the  specific  heat  of  furnace-gases  at  high  temperatures. 

2.  Kequired  the  maximum  temperature  att^iinable  by  burning  moist 
wood  of  the  com|>ositlon  C,  38;  U.  5;  O,  32;  ash,  1;  moisture,  24; 
the  dry  gas  being  15  lbs.  per  lb.  of  wood,  and  the  temperature  of  the 
Atmosphere  62°. 


tilfi  X  38  -I-  2220  X  5  —  327  X  32  -  44  X  24 
15  -I-  .02  X  24  +  0.18  X  B 
T-\-t  =  14W. 


1403' 
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BTBAM'BOILER  BCONOMT. 


3.  Since  the  carbou  aud  Uie  availuble  liydrugeu  make  only  39^  of 
fcbe  weight  of  the  vood,  a  much  smaller  air-supply  thun  that  required 
to  make  15  lbs.  of  dry  gus  per  lb.  of  wood  may  be  sutlioient  to  efTect 
complete  combtislion.  If  we  take  the  dry  gas  at  10  lbs.  instead  of  15, 
the  temperature  7' will  be 


r  = 


22988 


10  +  1.38 


=  2020*^. 


4.  Required  the  theoretiual  lemperaturc  of  ii  Gre  of  Pocahontas  coal 
of  the  following  analyaia:  C,  84.22;  H,  4.26;  0,  3.48;  U,  0.84;  S, 
0.59;  ash,  &.H5;  water,  0.76;  ilie  dry  gjia  being  2U  Xh*.  jier  lb.  nf  com- 
buatibh;,  the  heating  value  of  the  S  being  neglect4.'d. 

The  combustihle,  C,  II,  O,  aud  2v,  is  02.80^  of  the  coal; 

/=  20  X  .938  =  18.56. 

61G  X  84.22  +  2220  X  4.26  -  327  X  3.48  -  44  x  Q.76  _  „, , ^„ 
■'  "  18.66  +  .03  X  0.76  +  .18  X  4.26         ~     ' 

T-\-  t  =  3110  -h  62"  =  3172*'. 

Pure  carbon  bunted  witJi  19  llis.  air  per  lb.,  making  20  lbs.  of  gae» 
by  the  8(imo  forntnlu  gives  T~  3080,  T  +  ^  =  .3142.  The  »emi-bitumi- 
lion«<-oid  tborefore  gives  a  trifle  higher  temperature  than  pure  carbon. 

Actual  Temperature  of  the  Fire  usually  Lets  than  the  Theoretical. — 
In  order  to  realize  in  practice  tho  tcniperaturoa  given  by  the  ubove 
theoretical  eak-ulatious,  it  is  uvccuiary  that  the  air  be  delivered  to  the 
incandescent  fuel  iit  a  jwrfectly  uniform  rate;  that  the  combustion  of 
the  hydrogen  be  complete;  that  the  combustiou  of  the  carbon  be  com- 
plete, forming  CO,  when  the  oir-siipply  equals  or  exceeds  11.52  lbs  per 
lb.  of  carbon  burned,  or,  when  the  air<Bupply  is  less  than  this,  that  all 
of  its  oxygen  be  used  to  form  either  CO  or  CO, ;  and  that  there  be  no 
loss  by  radiation  from  the  incandescent  fuel  into  the  surrounding  fur- 
nace or  boiler  walls.  These  conditions  can  bo  nearly  obtaineil  under 
some  circumstances,  sucli,  for  instance,  as  with  gaseous  fuel  with  an 
intimate  and  regidur  admixture  of  air,  the  combustion  taking  place  iu 
a  chamber  with  thick  fire-brick  walls;  with  dust  fuel  burned  under 
similar  conditions;  and  willi  a  thii-k  tire  of  anthracite,  egg  size,  burned 
in  afire-brick  chamber  with  a  steady  draft,  aft^rthe  frofihly  fired  upper 
layer  of  coal  has  reached  the  temperature  of  the  furnace.  With  insuf- 
ficient air-aupi)ly  the  actuid  tempemture  is  always  less  than  the  theoreti- 
cal, for  tho  roasoa  that  some  of  the  oxygen  passes  tlnx>ugh  the  fire 


COMBUSnOTT, 


without  flntering  iuLo  combination  with  carbou.  Generally  the  air- 
BUpply  lA  not  roguliir,  even  with  a  steady  draft  pressure,  for  the  reaaon 
that  the  f  rcflhly  tireJ  coal  chokes  to  some  dtgree  the  air-passages  through 
the  hed,  uaiiRtng  the  formation  iif  some  CO  and  chllliug  tha  furuace. 
WheD  the  tire-t)e«i  is  directly  nndcrneatli  tlie  comparatively  cool  surface 
of  the  boiler,  mdiatiou  from  the  bed  riniucos  tho  furnace  tcmpemture. 

The  author  hm  obtaine<:l  tvmperalures  exovediiig  3000°  F.,  ua  meas* 
nred  by  a  TTehliiig  A  Steiiibart  iticordiug  pneumatic  pyrometer,  with 
Pittsburg  coal  containing  less  than  2,*  of  moisture,  and  havlngu  beat» 
ing  volueof  15,000  B.T.U.  per  lb.  of  dry  combustible.  The  coudilious 
were  a  fire-brick  corobustiuii-uhamber  and  frequeut  firiug  of  titnall  quan- 
tities of  cofti  at  a  tinii^  This  c^nrresponds  nearly  to  the  thmiretical 
temperature  due  to  an  air-supply  of  11>  lbs.  per  lb.  of  combustible, 
which  is  tlie  ligure  found  iu  practice  to  give  the  highest  efficiency  of 
eteam-boiler  perform  an  (•♦'. 

ExceMive  Carbon  Honozide  produced  by  Heavy  Firing. — A  sorie« 
of  exiierimoutii  by  J.  C.  Uoadley  (Trans.  A.  S.  M.  £.,  vol.  vi.  p.  794), 
in  which  for  tliree  hoard  anthnu-ite  fg<;  coal  was  firtkl  on  tlie  grates  at 
the  rate  of  'i(K}  lbs.  in  each  half-hour,  when  the  rate  at  whicli  the  coal 
was  burned  was  only  about  140  lbs.,  thus  steadily  increasing  the  thick- 
ness of  the  bed  of  coal,  showed  the  following  results,  the  guees  being 
analyzed  every  half-hour: 

HaH-boar  periods 1 

00  Id  gwM».  per  cent. .     2.M 

CO, 5.12 

Lb«.  air  per  lb.  ooal....    S3.2 

*  Intervaln  of  nno  liimr. 

The  firing  was  at  the  rate  of  200  lbs.  of  coal  every  half>hour  until 
11.15  A.M.,  or  fifteen  minutes  before  tho  sixth  sample  of  gas  was 
taken-  Tlie  next  lot  of  200  lbs.  coal  was  not  fired  until  13. 4.'!  p.m., 
and  no  more  wan  fired  until  aftor  the  eighth  sample  of  gas  was  taken. 
The  seventh  sample  was  taken  at  12,30.  aud  the  eighth  at  1.30,  each 
forty-five  niiuutus  after  tiring  200  lbs.  of  coal.  The  Tosulu  show  a 
steady  increase  in  CO  up  to  11.30  a.m.,  aa  the  bed  of  coal  became 
thicker,  and  a  reilne.tion  to  a  low  fignre  when  the  l>ed  biHiamo  thin. 

These  lestd  show  that  it  is  sometimes  possible  for  a  jiigh  percculflge 
of  CO  and  a  great  excess  of  air-supply  to  exist  at  the  same  time.  This 
may  be  explaincl  by  supposing  that  the  excess  of  CO  wa«  generated  nt 
one  portion  of  Ihc  grate  surface,  and  that  the  excess  of  air  entered  at 
another — or  else  leaked  into  the  tH)iler-Botting  beyond  the  hridgtf- 
wall — and  that  the  two  currents,  one  of  CO  and  the  other  of  air,  were 
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never  brought  into  coutact  until  their  teroperaturo  was  i-cdaced  below 
the  point  of  iguition. 

Calcalation  of  the  Weight  of  Air  supplied,  and  the  Weight  of  the 
Oases,  from  the  Analysis  of  the  Oases  by  Volume.* — Given  u  cual  con- 
taining GGC,  5ll,  HO,  IX,  8  water,  and  12  iish,  =  101)??.  it  is  required 
lo  compute  the  analysis,  by  weight  and  by  Tolumo,  of  thp  gaseous 
productj)  of  conibuslion,  on  tliu  uiisuniptiuns  (1)  tlLat  6UC  is  burnt 
to  CO,  and  6  lo  CO;  (2)  that  the  supply  of  dry  air  is  iiO^  in  excess  of 
tJmt  roquired  to  effect  tliis  oonibn.stion  uf  tbo  C  and  to  burn  the  avail- 
able H  (  =  JU  —  iO)  to  11,0  ;  and  (a)  that  the  dry  air  is  accompanied 
by  1%  of  its  weigbt  of  luoisLure.  It  is  also  reiiuired  to  dctcmiinQ  tlie 
weljfht  of  dr}'  air  and  of  dry  gas  per  lb.  of  earbou  and  per  lb.  of  fad. 
aud  furthermore  to  find  formulas  by  moans  of  which  these  weights 
may  be  ronipntoil  directly  from  the  analysis  of  the  gases  by  volnino. 

\\q  tirst  construct  a  table  iu  which  arc  shown  the  elements  of  the 
coal  and  of  the  air  which  combine  to  form  the  gaseous  products,  as 
follows: 


r  iMrU 
tnlODlbM. /unl. 

eof  ui  CO,  X  21 

4U  to  tl,0  X  8 


O  ham     Ji  from  Iho 
lb«alr.  air  sO  x  H.St. 


1«0 

:i2 


.'..11.20 

2Ft.56 


air. 
69t .20 

•M.m 

188.34 


220 


CO.       BaO. 


U 


86 


1H| 


SOO        664.00        9M.D0 

8ot">H'0 8 

1  N 1.00 

8  wftt«r 8 

13  BBb 

100 

Exc#s«  air.  20» 40        183.80        172.80 


Touldri-ftir 1088.80 

Mulsturv  In  Ibe  »ir 


.10.4 


Tr>U!  pi»««.  1185.9        =        40         797.8  390  14      68.4 

Tf.l«IdrTmw».  !071.80,  or     3.753    74.488     SO.ftSB      l.SMWbywt. 

*bvTt.l.  8..VI7    80.847     14  187      1  4Itt 

Total  gaa  1185.3  -f  13  ush  ^  TOO  coal  A-  lOSfl.BO  air  +  10.4  mnUtiirf  In  air 

Dry  j<««  I""  "'■  c***^  If  "'^^  l*"*-:  l»rlh.  C=  1071.8 -^  «ft  =  I0.2;WIU. 

l>rjr  air  par  lli.  oaal  10.808  Um.;  pur  lb.  O  =  Km6.8 -i-6ff  =  15.709  lbs. 


*To  convert  analyttlit  br  Tolnmfl  Into  anatrnla  hy  welglit,  niuhiplv  tlin  \ter- 
CPDiaite  >vf  eadi  crmiitinipnt  ri>»  '».''*  it"*  rclatire  ilflnRitT,  tIz.,  CO,  hy  II,  O  liv  8. 
CO  mid  N  i-»u.'li  hy  7.  and  ilivide  <'iirli  jirndiirl  hy  the  Riim  tit  tlie  jinnlurlH.  Ptr 
fonlra,  to  omvert  analTsis  by  weight  into  aaalysia  by  Tot»iiif>.  diviilc  tlip  por- 
cfnuee  by  weight  of  eacb  gas  by  lu  relative  dvaalty,  and  divide  each  riiiniieDt  b/ 
iht  fltun  aX  tli«  quotients. 
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The  air  and  gna  per  lb,  coal  and  per  lb.  C  niny  bo  calculated  from 
the  analysis  of  the  gases  by  weight  or  by  volume,  as  fullowfi; 

I*t  CO,  -|-  0  +  CO  +  N  =  total  gas,  iu  pcrcontagcs,  by  weight. 
The  carbon  in  the  CO,  =  i"iCO, ,  and  that  in  the  CO  =  ^CO.  This 
carbon  was  supplied  by  the  fuel.     We  then  have 

T^  u    n        CO,  +  0  +  CO  +  N  100 

Dry  gaa  per  lb.  C  =        ',.,co,  +  ?CO        =   ^UOT+lCO  * 

Multiplying  the  rcsnlt  by  the  C  in  1  lb.  eoal  gives  the  dry  gas  per  lb. 
of  coal. 

Multiplying  eaeh  term  in  this  formula  by  the  rcs|M3etive  figures  for 
Teltttife  duubity  uf^he  several  gases,  viz.,  CO,,  11;  0,  d;  CO  and  N,  7, 
we  obtain 

^                  ,.    „       UCO,  +  80  +  7(C0  +  N) 
Dry  gas  per  lb.  C  =  3(C0,  +  CO)    —- 

in  which  CO,,  0,  CO,  and  N  are  jwrcentagesby  volume.    Taking  the 
perceutugea  by  volume  given  in  the  above  table,  wo  have 

r.                  lu  r.       ^1  X  14.187  +  8  X  3.547  +  7  X  82.266 
Dry  gaa  per  lb.  C  = -.  _^^^__,^_^:t_ 

=^  16.339  lbs.,  as  before. 

Dry  gaa  per  lb.  coal  =  16.239  X  .66  =  10.718  lbs. 

The  7N  in  the  last  formida  repreaentit  the  N  supplied  by  the  air, 
pins  the  relatively  insignificant  amount  of  about  1  part  in  800  furnished 
by  the  coal,  aa  shown  in  the  table.  M  the  N  supplied  by  the  air  is 
76.86^,  or  3.32  -i>  432,  of  the  weight  of  the  air,  we  have 

_        .  11    p  _  7(N  -  ,^yi       432  _      3.Q32N 

Dry  air  per  lb.  C  .-  —^-^-^  ^  332  "  CO,  -f  CO' 

in  which  CO,,  CO,  and  N  are  percentages  by  volume  of  the  dry  gas. 
This  last  formula  isn  most  nsefnl  one  for  computing  the  air-supply 
I>er  lb.  C  from  the  analysis  of  the  gases  by  volume.     Substituting  the 
percentages  found  iu  the  example,  we  have 

Dry  air  per  lb.  C  =  ),  ^g,  ^  ^  ,,3  =  15.707  lb.. 

which  is  practicttlly  the  same  as  the  rcuult  obtained  from  the  table.* 

*  ir  tli«  coal  dtd  out  DontalD  hrdrogeo,  tlie  dry  air  par  lb.  C.  m\g,h\  Iw  computed 
from  ili«  00  •!-  O  4-  CO,  Instoid  of  froin  tlis  N,  bjr  tTu«n»  of  tho  furiuula 

IVy  air  per  lb.  C  =  5.7«        ^(^^co      ' 
Thw  formula  (rlve«  Irukcfurftte  rr»ulii  wlieii  tlte  co«l  conulo«  bydrogva,  for  the  O 


^ 

J 


ExceBB  of  Air-iapply  above  the  Theoretical  Minimam  Require- 
ment.— Rcftrritig  to  the  table  uf  conipiituliona  iu  the  abovo  L'xanipler 
p.  :J3,  it  will  be  seen  that  all  tho  nitrogen  in  the  gTwes,  80.847<  by 
volume,  came  fifjm  the  total  air-8upi>ly,  except  an  insignificant 
amount  funiiahecl  by  the  coal.  The  oxygen,  B.hi7%,  all  cauit-  from 
the  eicoss  air-supply.  This  ort'jien  wa8  accompanied  in  tbe  excees 
air-supply  with  3.783  times  its  volume  of  nitrogen,  or  3.783x3.547  = 
13.416N.  Tho  dilTerence  between  80.847  and  13.415  =  67.433  ia 
the  N  of  the  air  theoretically  required  to  bum  the  tJOiil,  and  tin:  quo- 
tient. 80,847  -^  67.433  =  l.lft9.  ia  the  ratio  of  the  toUl  air-supply  to 
thiU  theoretically  required.  Subtracting  1  from  this  ratio  and  multl- 
plyiug  l)y  100  gives  ID. 9^  as  the  caleuhiled  percentage  of  pxceas  air- 
supply,  a  close  approximation  to  tho  iO^  originally  assumed  in  com- 
puting the  table.  The  fonnula  for  computing  the  percentage  of  excess 
of  ttir-snpply  above  that  theoretically  required  thim  ia: 


Per  cent  exce^  air  =  100  x  (i^_3.^ga6  "  ^)  * 


N 


The  ratio  of  total  air  to  the  thooretical  requirement  is  i^ — ,  ^^-.^  * 

Pi  —  a.  to^U 

in  which  N  and  0  lu-e  reepectively  the  percentages  of  N  and  0  by 

volume  in  the  dry  gas-* 

of  the  air  roqulretj  to  burn  tliv  bydrageD  to  H|0  does  not  ii|>[m«r  in  Uie  analyoiti  of 
the  dry  (tftses.     In  tlie  eiBiiit>l«  rIvmi  In  lh«  text,  the  re.snlt  rfllrwlaltfl  by  tliia. 


fortiiiila  wnuld  be  5.70 


14.  iS7  4-  1.41V 


calculated  by  tbe  correct  formula. 

Tbii  fonnula  is  derivud  as  fullows:   M'o  liave  found 

^                   „    _       1100, -f80-f  700-1- 7N 
Dry  gu  per  lb.  C  = —        -^ ~ 

Id  wbich  IX), ,  O,  CO.  and  K  arp  porcentafrea  by  Tolnmi^.  Tbe  oxypren  In 
IICO,  -f-  80  -1-  7C0  =  8(X),  -f  80  t  4rO.  Tli«  nir  corrosponding  lo  ihls  oxygen 
=  4.82  tdnes  the  O,  nbonce 

Dry  air  «r  lb   C  =  4  82*1^*^  +-?>  +  *^  -  5  7fl»i5P'  +_?!  +-^ 
•  Buute  gives  a  fonnuta,  qnolivl  by  DonWn,  for  Uie  ratio  of  air  in  excv^  of 


tbat  iheoretirally  rpqoirMi  for  cambiistion  as  folbiws:  Exoen  ratio  =  —I-  . 


Tak. 


iagtheCOi  ia  mirvxample,  14  t87!t.  lliis  formula  i)bowi«tbeexef<Mair.<tuiiply  to  be 
88.8*  Instead  of  20*.  the  oorrt-ct  a^ure.  It  is  i-rident  tbiit  tbe  CO,  in  lb?  frasM  Is 
Dot  tlie  pmp*ir  daluin  from  whicb  to  compute?  th*  Air-gupi»ly,  for  low  CO, .  wbicb 
by  lli<?  fnrmnla  would  lndicar«  a  large  air-supply,  may  bo  due  tn  liig-li  CO,  tvbicb 
ts  caused  by  a  'lcBcl'>nt  Flr*supply. 
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APPKNDIX  TO   CHAITER  11. 

I.  Hbatino  Value  op  Sii.phuu  (a8  Fbos  Pyrites)  in  Coal.* 

A  sain|ile  of  PocuituuUui  coal  buving  a  calorific  value  of  80G3 
(calories)  uud  cunluiiiiug  0.57  percent  of  sulphur  wofi  mixed  willi 
pvriiea  in  two  proportioLs.  uiue  of  coal  to  one  of  pyritfs,  and  eipbt  of 
coal  lu  two  of  pyrites.  The  coal  aud  pyritoe  were  sepuniielv  i-eduted 
to  tiue  powder  und  then  mixed  by  rubbing  in  a  mortar.  The  mix- 
tures were  then  compressed  int-o  cylinders  for  combustion  iu  the  hotnh 
[the  Mahler  calorimeter].  The  pyrites  used  was  a  selected  crystal 
of  FeS,. 

The  results  were  as  follows: 

No.  I.  U'eigitt  of  coal  niixturefl  lakAu 0.1)88  antm 

Acliial  lii-at  tlfti-elofM-ri  »Uvt  eorrecliuB  fitr  Mfire  bumed  as  fiiw     7131*  imits 

To  calcnlnte  the  bout  due  to  the  production  of  nitric  acid  1  siib- 
tracte*!  thu  acidity  due  to  the  sulphuric  arid  prodnc4Ml  from  the  total 
widity  in  the  boralHwiwhinijs  and  tigitred  the  difTerenKe  as  nitric  jioid. 
Correcting  the  ligure  for  lifating-imwer  for  this  gives  7107  unita  for 
the  heat  produii'd  by  burning  the  O.MSgram  of  mixture,  but  this 
mi.iture  conljiiucil  y^  coul.  The  heating  value  uf  this  coal  (O.U  x 
0  ii38  X  80(12)  was  <J«OC.  7107  -  US06  =  301,  the  heat  due  to  tho 
combustion  of  the  pyrileg. 

The  sulphur  wiis  determined  in  the  liquid  washed  from  the  liomb. 
It  amounted  to  0.0338  gram;  or,  Joduciing  the  0.0048  iu  the  coid 
preeent,  0.0400  Hiilphur  burned  aa  pyrites  produced  :i01  nnita^  which 
18  iu  the  proportion  of  fi140  tiiiit^  for  each  unit  of  sulphur  pre^'Ut  as 
iron  pyrttei*  in  the  OMtl. 

A  jM^rond  expprinient  was  conducted  in  precisely  the  same  manner 
ou  the  mixture  containing  eight  parts  of  coal  and  two  [wrt^of  pyrites. 

n.  u. 

ll«-nt  of  cuml'UitttuD  of  0.931  Rnuu  of  the  mixtnrs MSO 

Ht»l  du«ioi>«l QOOa 

Heat  (luf  to  pjrrHoa 016 

Sulphur  in  bomb-washinga  as  snlphates.  0.1045;  present  in  coal, 
0.004a;  hnrnwl  in  pyrites,  O.IOO:);  hence  this  experiment  gave  B150 
nnit?  for  tlio  heat  due  to  a  unit  of  sulphur  as  pyrites. 

Of  course,  those  two  results  do  not  *'  check ''  very  well,  as  all  the 
ern)r«  of  the  test  accuundat«l  iu  the  differences  found;  but  it  st-ems 
safe  to  conclude  that  the  heut  duo  to  the  combustion  of  pyrit<#  in  tliu 
bomb  is  Mmcwhere  alwut  A.'iOO  units  jwr  unit  of  sulphur.  Of  rourRO 
the  sulphur  is  here  burned  to  SO, ,  or  nither  to  dilute  H,SO, .  and 
gives  more  heat  than  wheu  it  bums  in  air  to  SO^  Pyrites  contains 
53.35t  8.  Translating  the  above  result  (>1&00)  into  heat  developed  per 
nuit  of  KeS,  gives  2931  heat  units. 

^Bv  Prof.  N.  W.  Lord.  Tnuis.  Ani.  Innt.  Mining  Rngineoni,  vol.  xtvIL 
1097,  y.  9WI 
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Berthelot  gives  for  the  Iieat  of  formation  of  dilate  H  SO   »>,«*  • 

equiyabnt  to  «SS  ,mit^  per  unit  of  sulphur;  and  ai«wmfnj^*1682  ^ 

the  heating  value  of  iron  b.irnod   to  magnatic  oxido  (Aiidrewst  ^ 

calciilfltionforthohcatiug  value  of  pyrites  would  give:  "'**";•  a 

05;w8 ,,,,„ 

o.46jKe. :;i':'.*!.';::;:::  ^ 

CalonlatoiJlieat Z^IZ 

W7(* 

The  S  beiuK  bumod  to  dilnte  H,SO,. 

This  corresponds  lo  tiie  vulut-  found  well  euoMeh  to  show  H,-* 
when  pyrites  bums  t!.«  iron  and  sulphur  give  nearly  the  game  W 
they  do  v.-hm  bun,»l  grpnraidy  in  the  free  Hak.  wh'ich  justifies  th« 
introducUou  lulo  Dulong's  formula  of  the  ^^iilphur  tonn  Ah  to  th 
number  I  have  adoptwl  in  the  formula  (2350)*  for  the  he"at  develoi.ed 
when  8  burns  to  SO, ,  it  was  lalceii  as  an  average  of  i^everal  published 
figures,  and  is  probably  a  littlf  too  high,  but  not  enough  uut  of  the 
way  to  affect  the  restilts  noticeably,  especially  i^  the  heat  duo  to  the 
conihustion  of  the  iron  wa**  omitted,  which  ii  would  appear  should 
have  been  iueluded,  though  it  would  have  amoimtcU  to  very  little. 

IT.    KvdHOMETRlC    PkOPERTIES  op  COALS-t 

Two  lines  of  invostigalion  were  undertaken  for  the  purpose  of 
aseertiiiuing  the  relative  ipialitics  of  various  coals  wlieu  iu  the  same 
pliyciful  condition  with  refereuce  to  abaorbing  moisture  from  the 
atinnA|>liere: 

First,  a  number  of  sainjiles  of  different  coalis  were  reduced  to  a 
aniform  physical  condition  by  grimling  or  puwdering;  were  then 
thoroughly  dried,  and  afterwanl  sininltaQeoudly  expt>sed  to  a  saturated 
or  nearly  Raldrated  atmosphere,  for  a  jwriod  of  from  eix  to  eight 
days  jw  refniired.  to  obtain  eonatanl  weight.  Tiie  weight  of  moisture 
was  determined  by  taking  the  diffi-reuce  Iwtween  tlie  tirst  and  final 
weights,  and  this  result  Wiw  chucked  by  thoroughly  drying  and  re- 
weighing. 

Second,  an  investigation  was  niaile  to  determine  the  effect  of  the 
size  of  particles  upon  the  power  to  absorb  moisture;  the  investigation 
being  similar  in  nature  to  that  jirevjously  described. 

The  method  of  drying  in  all  cases  was  the  same.  The  coal  was 
beate^I  to  h  temperature  of  from  2!J0  to  240  degrees  l*'ahr.,  and  main- 
tained in  that  condition  for  nne  hour. 

Ite^uUs  indicate  a  great  ilifference  in  the  absorptive  power  of  dif- 
ferent coals  when  in  the  same  physical  state,  but  show,  however,  a 
striking  similarity  in  this  re^^pocl  of  coals  which  are  known  to  poe- 
sosa  similar  qualities  from  the  s.ime  geographical  districts. 

*  The  Lfst-onils  iu  thin  p«p«r  nre  ealorien  per  gnm,  S2fi0  caIoHps  {Mr 
grwn  =  *M0  B.  T.  U.  p^r  lb. 

t  Kroui  ■  pip«r  bj  Prof.  K.  C.  (.'upvoter  in  Traos.  A.  8.  M.  B.,  vol  xviU. 
P.9U8L 
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Tbo  first  investigation  seemed  to  indicate  tlKit^  independent  of  the 
physical  couditiou,  different  e-ouls  vary  greatly  in  their  hygronn>tricaI 
properties,  and  that  with  few  exec-ption^,  tJie  )towcr  of  absorbing  and 
retaining  nioi^ittire  is  IfiM  i;s  the  eiiloritic  vttluc  x^a  gn<ater. 

Thus  the  results  ehow  that  the  niaxiinnm  ntnouQt  of  moistnro 
vbicb  would  be  absorbed  by  couU  powdoreii  so  as  to  pas£  No.  80  sieve 
were  on  the  various  tests  as  follows: 

Antliracitt^s.  — 10  »iiiiipleit.  4.60  l^>  G.&7  f :  aveni^,  S-OOIt. 
E».itrTii  rokiii)C  Conln.— 11  ftaiiipleti.  ().»d  In  ».16$;  A\fXhflfi,  l.B2;t. 
IlllDoia  nnd  liKlinnaConLi.  — 6^)«iii|)l(>M,  4,65  to  U.tU!(:  Bi'i^rngF.  9.77)C 

The  effect  of  the  size  of  jmrticle  u  quite  docidcMl.  The  lurger  ilie 
particle  the  less  the  wei<;lit  of  nioii<tiire  which  h  abeorlxKl.  This 
indtcHtea  that  (ho  absorptive  jwwor  is  in  purl  due  to  cujiilhiry  action 
of  tliti  snrfuce. 

In  the  second  invtstigation  the  pieties  of  coal  were  made  as  nearly 
equal  as  po^uihle  ron^^iileriiig  their  irregular  tihitpc  of  defitute  t<>izes, 
having  diain4>ttjr8  rL'-t4{H!(:livuly  one  inch,  half  inch,  quarter  ineh  and 
powdere^i  so  :1s  tt>  pass  through  dicvei!  of  CO  to  the  inch,  lii  these  ex- 
poriineutd  there  weru  uscmI  two  suniplest  of  uuthracit43  coal,  one  ob- 
tained by  breaking  up  pit-ecu  of  egg  coal,  the  other  pieces  of  pea  co»l; 
two  specimen!}  of  bitiiminuus  coal,  one  an  Illinois  coal  and  the  other 
a  Cumberland  coking'  coal.  The  results  of  this  investigation,  given 
below,  show  an  increase  in  absorptive  power  as  the  siae  of  the  particle 
is  diiniuisheil. 

Else     I  >n.  win.  MIn.  PIdc 

lllinoi» 4.9S  G.80  B.a6  9.80 

('unib«rlai)d S,  17  3.79  5.61  6.4S 

Leiiigli  BQtbruite^gff 1.89  S.Oit  S.fiS  S.M 

"              ••         i«ii 62  M  1.31  1.58 

The  results  are  sliglitly  irregular,  due  probably  to  irregularities  in 
the  samples  selected,  bat  the  variation,  however,  is  no  more  than 
would  jirubably  bo  fonufl  in  the  selection  of  samples. 

In  connection  with  the  drying  of  coals  at  temperatures  nbore  the 
boiling  point  a  number  of  ex^fcriment^  were  made  to  determine 
whether  there  was  any  sensible  loss  of  volatile  matter,  but  bo  far  as 
conld  be  determined  by  repeated  trials  altemalely  drying  and  moisten- 
ing'and  by  varying  tim«  nf  drying  from  one  to  three  liours,  no  loss  of 
Tolatib  mattor  nould  bo  detecteil,  and  it  seems  exceedingly  probable 
that  no  loss  of  importance  occurs  at  tem|>eraturo8  below  30(1  degrees 
Fahr. 

For  this  reason  it  wouhl  soeni  entirely  safe  to  use  this  method  of 
drying  couls  in  testiug-boilcn,  as  it  is  easily  applied,  and  has  giveu 
very  satisfactory  and  uniform  results  for  the  wiitcr  whenever  ust^ 


CHAPTER  in. 


COAL. 


Coal  and  Social  Prc^ess. — The  jrrcfttt.'st  socijil  pliciionirtion  of  tho 
nineteenth  ceutury  U  llic  iucn'UHe  of  wciiUIi  of  tlie  j)t'iiple.  Acconl- 
jng-  lo  Mulhnll  the  avcrajje  wealth  per  capita  in  the  United  States  in- 
creiisi-d  from  §230  in  ISiO  to  *Ki3ti  in  ISHO.  A  few  yeiij-s  ligo  (about 
IfilT))  he  said:  "  Thi-  iicciiniulation  of  wealth  iu  ihe  UnitoJ  States 
averapw  $7,000.00(1  ilaily." 

Coal  is  the  priueipal  natural  agent  whose  use,  tlirough  the  niediiini 
3f  the  steam -engiuo  and  of  nmeliincry  ilriveii  by  it,  lias  l>eeu  the  cause 
the  diflFerenco  between  the  malorial  civilization  of  the  latter  jmrt  of 
ft»o  uiueteeijth  century  and  thi»l  of  all  The  centuries  that  ])rece<lctl  it. 
It  18  only  s'lucQ  man  has  Icarneil  huv  to  use  coal  to  <1o  his  work  that 
he  has  been  enabled  to  store  up  wealth  in  ench  vast  amounts  its  be  is 
doini;  at  the  ])rt!sent  time.  Man  n-inained  poor  tlirouj^hout  all  the 
earlior  agei*  l>e<uiii^  lit*  hail  not  learned  how  lu  make  Uite  of  thin  one 
of  Nfttnru'a  most  important  gifts, 

A  few  hiin(lR*<I  yciirs  ago  he  loarnwl  how  to  iiRc  it  instwul  of  wtod 
and  eharcfwl  to  kw-p  liimiifU  warm  and  to  fashitm  tools  in  the  black- 
smith's forge.  Only  two  hundrwl  years  ago,  or  in  1608,  Savery  in- 
venteil  un  engine  by  menne  of  whii;h  cnal  was  made  to  pump  water, 
but  this  enp;iue  ne\*or  caused  the  turning  of  a  wli«el  until  170ti,  and 
then  only  by  inimping  water  w)noh  was  nsed  to  tuni  a  watc-r-wheel. 
In  1705  Xeweomcn  invented  his  engine,  but  so  far  as  is  known  ii  was 
naetl  only  as  a  dirciitneting  pump,  and  never  turned  a  wheel.  It  was 
not  nntil  1781  that  Jamew  Watt  patented  hia  first  rotative  engine,  the 
Drst  that  contained  nil  the  essential  elements  of  an  engine  capable  of 
fnrni.-thiug  the  moitvo  power  of  a  factory,  and  it  was  five  years  later 
before  he  built  his  first  Buccessful  pair  of  engines,  50  K.P.  each,  for 
driving  a  flour-mill.  Not  until  1807  did  Fulton  complete  the  first 
comniereially  Hurre>«fiil  steamboat,  and  not  until  183*Jdid  Stephenson 
perfect  his  locomotive. 


aOAL. 

The  great  fnnction  of  the  Bteam-boiler  and  engine  is  tlie  utilizatioa 
of  ooal  to  vxxn  machinery!  >ui<l  ^^  result  of  the  iuvention  of  the  steam* 
engine  is  the  civilization  and  the  wealth  of  the  race  at  the  end  of  the 
ninctconth  century. 

Production  of  Coal  in  the  United  States. — The  amount  of  coal 
mined  in  the  UnitiHl  StutLS  in  IHSU  waw  t;6,7r>7, 140  groaa  tons;  in 
189U,  139,351,438  gross  tons,  according  to  the  ligures  of  the  censiia  in 
those  vearB;  and  in  1809,  225,103,02-4  gross  tona,  or  252,115,387  net 
tona.  according  to  "The  iliueral  Industry."  The  production  In  the 
soveral  States  in  1899  and  the  value  at  the  mines  are  given  in  the  Uihle 
on  page  40. 

To  theralno  of  coal  at  the  mine,  aToragingtl.lOper  ton  according 
to  the  table  on  page  40,  must  be  added  the  freight  charge  lo  obtiiin  ite 
coei  to  the  consumer.  If  this  charge  averages  fLOO  per  ton,  probably 
too  low  a  figure,  it  makes  the  total  cost  of  coal  oonsumed  in  tlie  United 
States  over  500  millions  of  dollars  j[h.t  annum. 

Formation  of  Coal. — According^  to  the  geologists  a  piece  of  coal  vas 
many  thoiisiiudt)  of  years  ago  a  mass  of  damp  vegetable  fibre,  a  portion 
of  a  ^leat-bog.  Half  of  its  weight,  apiiroxiiiiatuly,  was  water,  and  tlie 
other  half  would  contain,  by  analysis,  abont  30;<  carl>on,  6;<  hydrogen, 
A0%  oxygen,  1^  nitrogen,  and  "Z^  a^h.  During  successive  geologic  ages 
the  peat-bog  was  submerged  and  overlaid  with  mnd,  which  hardened 
into  slate.  This  was  covered  with  glacial  and  alluviid  drift,  and  it  may 
have  been  tilted  and  upheaved  by  volcanic  action  or  snlxidence  of  the 
earth's  cmst  It  was  subject*^  to  groat  pressure  and  liigh  tcmperatnre, 
and  underwent  a  more  or  leas  complete  destructive  distillation  under 
pressure. 

The  conditions  under  which  the  distillation  of  the  peat-bogs  took 
place  were  not  alike  in  different  parts  of  the  world.  The  variahle 
factors  wore  time,  depth  and  porosity  of  the  overlying  stnita.  pressure 
and  tcmiwrature,  disturbance  of  the  liwls  by  floods  and  by  intni«iou 
into  them  of  minerals,  such  as  carbonate  of  lime  hMd  in  snlution,  or 
clay,  sand,  iron,  and  snlphnr.  Therefore  the  prodnot  of  the  distillation 
varies  in  illlTerent  locations  all  the  way  from  the  original  peat  through 
brown  coal  or  lignite,  bituminous  and  semi-bituminons  coal,  semi- 
anthrnctte  and  anthracite,  to  graphitic  conl.  The  last-namefl,  which  la 
found  in  Khode  Island,  lias  nearly  all  the  volatile  hydrocarbon  gases 
and  oxygen  driven  off  from  it,  leaving  practically  only  fixed  carbon  and 
ash,  the  carbon  being  in  a  form  which  is  so  hard  to  bum  that  the  coal 
is  not  osed  as  n  commercial  fuel:  while  the  first,  llguite,  is  only  ono 
remove  from  the  peat  or  woody  fibre,  retaining  perhaps  a  third  of  the 
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TOTAL  PBODUCTtOX  OF  COAL  IK  THE  UNITBa)  STATES  (IK  T0K9  OP  SWCO   LBS.)- 


8t«la. 


Ktnmlbous; 

AlaburiLn  ..■.* < 

Ala.<«ka(A> 

Arknnitu) 

L'al  i  foruia 

(.'uLunuio.. 

Ueorgift , 

lUitiuis ,,, 

Indiiwa , 

ladlaa  Teriltory 

Iowa 

Kan&M 

Kenttickv , 

Alariiiftna 

MiclllgUD 

MlsMOurl 

Montana 

MHlir«.-ka  ...  , 

New  Mexico 

Nortii  ('ari)lina 

Kortb  Daltoui  (A). . . . . 

Ohio 

Oregon 

PeiiDBjlvanlft. 

Tt'iii»!twee 

Texas  («) 

Ulab..,   

VlTffinlB 

W«Kliicietou  (if) 

"West  Virginia 

■Wyoming 

Total  Wtuminons.. 

Cannel: 

Rentiickr 

Anthracite: 

Cnlnradn 

FeauKTlTania 

Total  aatbraclte... 

Grand  lotat  coal. 


Toflii. 


7.4»4.768 

2,300 

tiOI8,T4it 

107,IU1 

4.747  tn  a 

!WJ8,775 

a23.4»4,44S 

6.I88.S34 

al.404.443 

4.«70.0O0 

4.096.865 

4.00^.800 

0.0BU.S4B 

flOO.OOO 

a8.1»l,6n 

1.400.883 

1,I«0 

a].04».OS4 

Stt.l)&4 

120.M7 

ie,6i»5,94e 

66,8^fl 

78.006.»4ft 

8.7»fl.l34 

M  0.633 

883,496 

3.11l.d&l 

1.917.807 

aI8.20T.I80 

4..52.'S.2OT 


191.001,800 


M.esfi 


1»W. 


rin.067 

60. 51 K.  331 


60.677.31)8 


353,115,887 


Value  at  Mine. 


Total. 


$7.-(ti4,7fi3 
]2,2W 

l,snii,Rr>8 

48l).ft81 
8,8»H,ti71 

ia«.oei 
!8.-i4;re46 

6.  M 'J. 41 1  a 

5.12-i.a-l8 
8.720. 1 IH) 
4.8T8.2U 
72U.«(H) 
8,r.^'2JlI 
3.'.i27.y«S 

a.ooo 

l,BCKi,.-,K8 

:i:,7»3 

iaO.597 
14.11)1,507 

67.72.;.St«) 
fl,7lin.tlI7 
I.G4«,US8 

1  .«72.404 

8.»ri5.8l2 
ll.HHO,778 


917i!,4U«,67& 


«Di.no7 


<;162.4»1 
1 108,486,848 


•108.M8,780 


9^6.147,056 


P«rToii. 


11.00 
0.84 

i.ai 

2.58 
1.75 
0.90 
0.78 
O.VO 
1.50 
1.S7 
1.2.1 
0.80 
0.65 
1.44 
1.13 
1.06 

a.oo 

1.03 
1.40 
1.00 
0.65 
2.6S 
0.7» 
0.f>9 
1.75 
1.76 

o.es 

1.75 
0.65 
1.25 


90.90 


93.S0 


*2.75 

1.71 


91.71 


91.10 


(a>  riiKal  rear.       (Ii>  AH  liRntte,       (e)  Oni^UilnJ  tlgnlw.       (</)  One-half  llicnlte. 

watfr,  and  a  larjxo  pfirt  of  the  original  hvclrofftrl)on.  or  ratber  oxy- 
hydrocarbon,  since  it  conUiins  a  larpc  pereentjige  of  oxygen.  The 
progressive  chan^  in  oTiemtcal  analysis,  from  vood  to  cool,  is  sbown 
In  the  two  following  tables: 


DDUNtmos  OP  n  and  o  in  pruies  phom  wood  to  AimntACiTK.* 

lUilMtancv.                                                                     Carbon.  BydroKHn.  Oxrgeu. 

Wofxly  fibre SS.flS  5.86  42.10 

Pent  fnim  Vulcalw 69.57  5.W  84.47 

Litfuiu- froii)  Cologne 66.04  5.37  S8.09 

EHrtli;  brown  coal 73.18  S.d8  21.14 

OmI  fmin  BulraUt.  Moinilar/ 75.06  5.84  IB.lO 

Coal  from  Itive  (le  Oier SB. 29  6.05  5.06 

Anthracite,  Majrenne,  transitloD  fonuatloD Bl.OB  t^.H  4.46 

PIlOGItKflSlVE  cnANOK  KIIUM  WIM)D  TO  ORArUITE-t 

Wood.     Low.      LtKnlic.     Im^.      Kit,  C»*l.  L»wi.  Anihrsi:lt«.  LoM.  Qraphlle. 

Carbon 4B.1     lS.ti5       !)0.46    13.35        ltt.10    8.57        14.58    1.49  18.11 

Hydrogen..     6-3      ».3^         S-O-l       1.H5          1.30    0.98          0.'i7     0.14  O.IS 

0X7g«i.....  44.B    24,40       20.20    Itf.l8         3.07     l.Sa          0  05    0.65  0.00 

lOO.U    40.30       63.70    32.S8        21.it7     5.83        15.4C    2.SI        13.24 
•  GroTM  and  Thorpe's  Ohwrnk-al  Teclitiology,  vol.  i.  Piie!»,  ji.  38. 
f  J.  S.  Newberry  in  Jolmfton't  Cyclopedia. 

Wo  tliiia  httve  ilifferont  varieties  of  coal,  due  to  differences  in  the 
extent  to  which  the  volatile  gases  have  beeu  ilriveii  off  from  the 
ori^iial  peat  or  other  woody  coal-forming  snbstaiioe.  Thero  are  also 
differences  in  quality  in  each  variety,  duo  to  varying  pevceutagea  of 
asb  and  wutor.  The  ash,  or  earthy  matter,  in  coal  ranges  from  2  to 
over  30  per  cent  in  different  localitloe.  The  water  ranges  from  less 
than  1^  in  the  anthracites  up  to  14"*^  or  nion»  in  some  Illinois  cojiIb  and 
to  25^  or  more  in  some  lignites  This  water  ttcems  to  bo  lield  by  c&pil- 
Ury  aUraction,  or  some  similar  foroe,  within  the  {larticles  of  a  piece  of 
apparently  dry  coiU.  bo  that  it  cannot  all  be  driven  off  without  heating 
it  to  a  temperature  considerably  higher  than  212*'  F.,  say  250°  to 
280*  F.    The  bituminous  coals  are  fajgroacopic,  like  wood;*  that  is, 

*  NoM  oo  the  HygnMcoplcity  of  Wood  (from  Johnuoa'n  Materials  of  rautruc- 
llon,  p.  294).— Sept  ou  a  sbclf  in  an  onlloary  dwrtlJDg.  wood  ittill  retains  8  lo  10 
per  c«Dt  of  ill  wef|f1it  of  wat«r.  Nor  i^  ilie  aujnunt  of  waliir  in  dry  wwmI  amiitant: 
the  wrtyht  •>f  ■  panful  nf  nhaviiif;!!  vnrien  with  the  time  of  <lay,  being  on  a  tnimmrr 
day  greatest  in  ihe  moruioj;  and  least  io  the  afternoon. 

Thsiln-aiinf;  the  air  with  cheniicate  will  oaoa*  the  wood  to  dry,  but  wood  thus 
dried  at  HO'  K.  will  Htill  Irtxe  water  in  the  kiln.  Wood  dried  at  120*  P.  Iiwe))  water 
■till  if  dried  at  200*  K.,  and  thin  afraio  will  lows  more  wat(<r  if  the  temperature  i» 
nlied.  Abaolulrly  dry  wood  cannot  be  obtaioed  ;  cboaitcal  destraction  aeta  in 
beforr  all  water  is  driveu  oil. 

On  removal  from  the  kilo  the  wood  at  oaoe  takes  up  wntur  from  the  air,  even 
in  the  driest  wnither.  At  (Irsi  the  absorption  is  <)uite  rapid;  at  the  end  nf  a  week 
a  short  pivce  of  pine,  I  f  in.  thick,  has  refcained  two-thirds  nf,  aoil  in  a  few  infinthii 
all,  the  moiatare  it  has  whan  air-dry,  8  to  10  per  oeut,  and  lUsu  ita  former  dlujwo- 
■tooa 
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lltov  sbwrb  muUtnni  from  the  >CnHMphere,  and  the  qnautity  they  will 
tJvttUiu  dtfpMUiU  but  oxilr  on  tlie  oatura  of  the  coal,  but  ou  the  r«iatiT« 
fanniUitv  of  the  attutwphtiiv,  vhioh  ebanges  frum  dAy  to  day. 

|&Malflc4tion  of  OoftL— It  U  cociTenieDt  to  oUaBify  the  lereml  \-ari- 
«tiv«  of  oihU  MxvrdmK  tu  titt  f«Utiv«  peicentaga;  of  carbon  and  TolatUe 
muttpr  t'oiitutovil  lu  th«ir  combustilda  portioD  u  determined  by  prox- 
liuulv  ttiuUyiw.     Th«  Mloving  is  soch  a  chueificatiou: 


IWitii  laiumiiiouii  . . .  t*7.&  M  7ft 

\\V«wraM    toSU 
UtfiitMM*  4^>^..».>  uhIwSO 


8     to    T.5 

ia.4toSA 

&4     lo40 

»     1x50 

uv«r  Qi) 


BMd^c  TataB  per 

UftIO  to  N.dOO 
H.TUO  lo  1S,500 
l^OUU  to  16,000 
14.9)0  to  13.900 
i:j.400  to  14.800 
1  l.UUO  to  13,W0 


RettUre 

Value  Of 

CoinbUMlbls 

Seml-NLa  inx 

98 

96 
100 

00 
00 

77 


'V\w  Itvuiloiiii  in  vliich  tlio  several  elasstv  of  coal  are  found  are 
dteiTtbcd  m  wv^xwo  \\v\u\\  in  the  ch:iptvr  on  Coul-Helds  of  (ho  United 
8MIm>  1'ht*  aiitliraoilO0.  with  itomo  uniroitortant  cxoeptiona,  are  con- 
fltu'd  Ut  ihreemnidl  \\A\U  ineaalcrn  !Viin:tvIvaaiii.  Thesemi-anUirucites 
arv  found  in  u  f^w  sinidl  uirus  in  the  western  iwri  of  the  anthracite  Hold. 
*rhi*  NPmi-hltunthiouH  euals  are  fonnd  iu  a  u»m>w  strip  of  territory,  20 
llitli^  wldo  or  loss,  on  the  wistoni  bnnler  of  the  great  Appaluchiau  L-oal- 
llehl,  rxlt'ndln>r  fntm  north-wntral  IVnnsylvania  across  the  aouth- 
rrn  ttonndury  of  Vir^'inhi  into  Tennessee,  a  distance  of  over  :i(Xi  rotleB. 

U  \*  tt  iwnlitirily  of  tln-j**'  semi-bitnminous  coals  that  their  com- 
|i(i«lihli>  jiortion  i^  of  remnrkubly  uniform  compoeition,  the  volatile 
mHM<ir  nnuully  ranpinff  Iwiween  18  and  23  per  cent  of  the  combustible, 
and  (inpnmchinp  in  it^  analyaia  iniu-sh-giw,  CU^.  with  very  little  oxyRen. 
'riti'V  lUD  UKimlly  low  also  in  nioiginre,  ash,  and  sulphur,  aud  rank 
iiliKinil  the  boul  stonni-coaU  in  the  world.  The  Eastern  bituminous 
(>nidN  iMM'upy  the  remainder  of  thp  Appalachian  coal-fiold,  from  IVnnsyl- 
Viiniuuml  i'rt»l"ni  Ohio  to  Alabania.  They  are  higher  iu  volatile  matter, 
muieinx  frum  2A  to  oiar  40  per  ceut.  the  higher  figures  in  the  westent 
p()rlion  of  the  fii-Id.  The  volatile  matter  is  of  lower  hejitinp  value, 
Iwlng  hi>iht?''  '"  oiygen.  The  We.-iteru  bituminous  coals  and  liffuitog 
aru  found  in  moat  of  the  States  wcRt  of  Ohio.  They  are  higher  in 
volatilu  matter  and  in  oxygen  nnd  moiaturo  than  the  hituminoua  coals 
of  the  Appulnchian  lield,  and  usually  give  off  a  denser  smoke  when 
burned  in  ordinary  furnucee. 


Caking  and  Non -caking  Coals. — Bituminous  coals  are  sotnelimcs 
classified  as  caking'  und  non-caking  coiile^  according  to  tlieir  beliaTior 
when  subjected  w  the  process  of  coking.  The  former  undergo 
AD  incipient  fusion  or  softening  when  heated,  so  that  the  fraginants 
coalesce  and  jield  a  compact  coke,  while  the  latter  (also  called  freo- 
bitniiug)  preserve  tlieir  form,  producing  a  coke  which  is  only  service- 
able when  made  from  large  piec^es  of  coal,  the  smaller  pieces  being  in- 
coherent. The  reason  of  this  dilTerence  is  not  clearly  made  out,  as 
uou-caking  coals  arc  oft«n  of  very  similar  iiUitnnle  chemical  i'onipO!<i- 
tiou  to  those  in  which  the  caking  property  h  very  highly  dcrelojied. 
It  is  found  that  caking  coals  lose  that  ]troporly  when  exposed  to  the 
air  for  a  le^gthela^l  period,  or  by  heating  to  about  570"  F.,  and  that 
tho  dust  or  slack  of  non-i-akiug  roul  may,  in  some  instances,  ha 
oonrerted  into  a  coherout  cako  by  exposing  it  suddenly  to  a  very  high 
temperature.  Some  coals  which  cannot  be  miule  into  coke  in  the  bee- 
liive  oven  iire  easily  cokid  in  inoduni  gas-heated  ovens. 

Long-flaming  and  Short-flaming  Coals.— The  distinction  between 
loiig-tlaming  and  short-tlaming  couls  is  one  commonly  nuide  by  Eu- 
ropcain  writers,  but  it  is  not  often  made  in  this  country.  A  long- 
Ihtming  coal  is  simply  one  having  a  high  jwrcentage  of  volatile  matter, 
and  wbich  gives  off  a  loni;  flame  when  burned  in  an  ordicar)'  furnace 
on  ju'tronnt  of  llie  ditlirulty  of  supplying  the  volatile  malter  with  a 
suflieieut  quantiiy  of  hot  air  to  canse  its  complete  combustion. 

Bituminoas  Coal  contains  no  Bitumen. — The  t-oIvent«<  for  bilu- 
niinouti  tiulniMiice^,  iuvh  :t»  biMulphide  of  carbon  and  lirnzole,  have  no 
effect  upon  bitnniinoueit  coals. 

Cannel-coals  are  bituminous  coals  that  are  higher  in  hydrogen  (hau 
ordinary  toids.     They  are  valualile  as  "  enrichcrs"  in  gas-making. 

CLTIUATE  ANALYSES   OP  BOMB  CASNKL-CUAUL 


n. 

o+». 

COMBCVniLt. 

e 

e.          Awb.         C           H.       0-+-N. 

08.10 

e.9i 

7.35 

0.99    19.78    7B.«1     11. S4      ft.lS 

83.67 

9.U 

e.ifl 

83.flrr      0.14      6.19 

79. »4 

10.41 

4.93 

S.33      ....     83.S0    10.90      0.31 

Bogliend.  Scotland.... 
AlbeFtit4>,  N*ovBS(?otia. 
Tasataoii^,  TAsmAolk. . 

LIOKITE  OR    BHOWN   r0\L    (mOH    IK    OXYOKS). 

Colofm* fW.28      4.98    26.:;4     ....       b.40    66.07      6.27  27.78 

Bovejr.  DevoDahirD....    00  31      5. OS    '.*3  43    S.»0      •£  M    89. .13      S.SO  24.57 

Trihil.Strrbt Ml. 73      5.84    •Hi.m    O.VO      7.86    fiS.ll      0.80  89.00 

The  bIjovp  anatysrfl  do  not  ^vri  llif  wairr  nr  Uygraai^ipic  mntstait*. 

Lignite  or  Brown  Coal   includes  all  varieties  which  are  tntor^ 
mediate  in  properties  between  peal  and  coal  of  tho  older  formations. 
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It  is  DBuall^  of  brownish  color,  is  non-caking',  and  higli  in  moisture 
aud  ash.  Tbo  best  varieties  are  block  uud  pitchy  iu  lustre  and 
acarcoly  to  be  disiingiiisbtHl  in  ajuwanince  from  true  coals.  They  con- 
tain large  proportions  of  water  and  of  oxygen,  and  their  beating  value 
is  therefore  maeh  lower  than  that  of  the  true  coalta. 

Ash. — 'I'ho  conipositiou  of  lusli  .■approximates  to  that  of  fire-clay, 
with  the  addition  oi  ferric  oxido,  sulphate  of  lime,  magnesia,  jKiUsiii 
and  phosphoric  acid. 

White-ash  L-oals  uro  generally  freer  from  sulphur  than  the  red-ash 
coida,  wlu'ch  L'ontain  iron  pyrites,  but  there  are  exce]>tions  to  this  rule, 
OS  in  D  coal  from  I'ern  whioli  conlains  more  than  10  %  of  sulphur  and 
fields  not  a  small  percentage  of  white  ash.  In  it  the  scilpluir  orcuni 
in  organic  combination,  but  it  ia  so  firmly  held  that  it  can  only  be 
partially  expelled,  even  by  exposnre  to  a  very  high  heating  out  of 
contact  with  the  uir. 

'i'lie  fuliibility  of  ash  varies  according  to  iti  campoRition.  It  is  th» 
more  infusible  the  more  nearly  its  composition  approaches  to  tire-clay, 
or  silicate  of  alumina,  and  becomes  more  fusible  with  the  addition  of 
other  eubslauceti,  micli  va.  iron,  lime,  etc.  Cualu  high  in  ijulphur  Ufittally 
give  a  vcrj-  fusible  ueh,  on  account  of  the  iron  with  which  tlie  suljihur 
is  in  combinatlun.  A  fusible  atth  tends  to  form  clinker  upon  the 
grate-bars,  and  therefore  is  objectionable. 

The  amount  of  ash  in  coal  varies  greatly,  ranging  from  less  than  % 
per  cent  to  .10  i)cr  cent  or  more.  It  varies  with  the  district  in  wliicli 
the  coal  '\a  mined,  with  individual  miiuis  of  thu  district,  witli  part^  oF 
the  same  mine,  and  with  the  care  titketi  in  mining.  Willi  anthracite 
conlfi  it  depeiida  on  the  ^iy-o,  tlio  larger  i-izes  ImTing  the  least  ash. 

Heating  Value  of  Coal. — ^Tho  heating  value  of  dilTcrent  varieties  of 
coal,  together  with  the  relation  of  the  heating  value  to  chenucal  com- 
poititiou,  will  bo  treated  at  length  iu  the  chapter  on  Heating  Value  of 
Coal,  but  a  brief  statement  of  the  ijubject  is  given  lielow,  cupied  from 
an  article  by  the  author  in  "  Mines  and  Minerals,"  October  1898, 

Coal  is  compowvl  of  four  different  things,  which  may  be  Ropnriit-il 
by  proximate  analysis,  viz.,  fixed  carbon,  volatile  hydrocarbon,  ii&b, 
and  moisture.  In  making  a  proximate  analysis  of  a  weighed  (Quantity, 
such  as  a  gram  of  coal,  the  moisture  \a  linit  driven  off  by  heating  it  to 
250*  or  aoC  F.,  then  the  volatile  matter  '\a  driven  off  by  healmg  it  la 
a  cloeed  crucible  to  a  red  heat,  theu  the  carbon  is  burned  oit  of  the 
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remiiiiiiDg  coke  at  a  white  heat,  with  Auflicient  air  supplied,  until 
nothiug  h  \ett  hut  the  iish. 

The  fixed  carbon  hus  ti  constjint  heating  viilue  of  ubout  14,GO0 
B.T.U.  per  lb.  The  value  of  the  volatile  hvdrocarbou  dfiKsuds  on 
Its  composition,  and  tbut  di'peuda  cliiofly  on  the  ilistrict  Ju  which  the 
coiil  is  niinet).  It  may  he  oa  high  h«  'J1,(HK)  B.T.U.  per  lb.,  or  about 
the  heihtiug  value  of  mursli-gos.  in  the  beet  semi -bituminous  coals,  which 
contain  very  small  porcmitajjee  of  oxygeu..  or  an  low  as  10,000  U.T.TJ. 
per  ib.,  as  in  those  rn)m  eome  of  the  Western  SiaU»,  which  are  high  in 
oxygeu.  The  asli  has  no  heatin|j;  value,  and  the  moiaturo  has  in  offoct 
leea  than  none,  for  lis  i-vuj)orution  and  tlie  6U|K.'rhealiug  of  tlie  stvam 
miule  from  it  to  the  t4>m|X'ratnro  of  the  chimney-gases  absorb  some  of 
the  heat  generated  by  the  combustion  of  tlie  tixod  c&rhon  and  volatile 
matter. 

The  analysis  of  a  coal  may  lie  reported  in  tliree  dilTerent  forms,  as 
I  percfulagcs  of  the  moist  coal,  of  the  dry  coal,  or  of  the  combustible. 

I  Thu«,  suppose  oue  grain  of  coal   ix  analyzed,  and  thu  Gn>t  heating 

I  -thowA  a  loes  of  weight  of  0. 1  gram,  the  second  of  0.<'}  gram,  the  tliird 

I  €.fi  gram,  the  remainder,  or  ush,  weighing  0. 1  gram,  tliu  comploto 

W  report  would  be  jw  follows: 

^^f  The  relation  of  the  volatile  matter  and  of  the  fixed  carbon  in  the 

•comlmtitible  jwrtion  of  the  coal  cmihleH  u»  to  judge  thn  claHS  to  which 
tho  coal  belongs,  as  anthracite,  ifcmi-antlirncite,  semi-bitnminouB,  bitn- 
iniuous  "r  lignite.  Coalu  containing  less  than  7.5?(  volatile  ninttor  in 
the  combustible  would  he  cla£«eil  as  aulhracitc,  Itetwwu  7.&  and  12.5 
per  cent  as  scini-nntliracito.  Iwtween  12. r>  and  25  per  centiissemi-bita- 
minnus,  l>etwe4!u  'i5  and  50  per  cent  as  bituminous,  and  over  50j^  as 
liguitic  coals  or  ligniteit. 

The  tignres  in  th«>  second  column,  representing  the  percentages  in 
tho  dry  coal,  are  usetul  in  comparing  difTorent  lots  of  coal  of  oue  class, 
and  thuy  are  better  for  this  purpose  than  the  ngure«  in  the  fir^it  column, 
ioT  the  moisture  is  a  variable  co!istituont,  dei>ending  to  a  targe  extent 
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on  the  weatlier  to  which  the  coal  has  been  siibjectLii  since  it  was  iiiined^ 
on  the  amonnt  of  moisture  iu  the  atinoiipiiere  at  tlio  time  when  it  is 
analyzed,  aiid  on  the  extent  to  vrhicb  it  may  have  accidental!}'  been  dried 
daring  the  process  of  sampling. 

The  beating  valne  of  a  coal  depeudii  on  its  percentage  of  total  com- 
bustible matter,  and  on  the  heating  value  per  pound  of  that  combusti- 
ble, 'i'he  latter  dilTers  in  dilTureut  diiitrictii  and  bears  a  relation  to 
the  percentage  of  Tolatile  matter.  It  h  higheiit  in  the  Bemi-bitnmiuous 
coaU,  being  nearly  constant  at  about  15,750  U.T.U.  per  lb.  It  is 
between  14,500  and  15.000  13.T.U.  iu  antlirac-ite.  and  ranges  from 
15,500  down  to  13,0(H)  or  leas  in  the  bituniinoits  coals,  decreasing 
uouully  a^  we  go  westward,  and  oa  the  volatile  matter  contains  an 
incrcaBing  jn*rcenlage  of  oxvgen. 

Table  of  Heating  Talnes  of  Coals.  —The  table  of  proximate  analyses 
ttud  heating  valuer  of  American  cotils  on  page  HI  was  compiled  by 
the  author  for  the  1S98  edition  of  the  Babcock  &  Wilcox  Co.'s  hook, 
"Steam,**  The  analyses  are  selected  from  various  sonrces,  and  in 
.general  are  averages  of  many  samples.  The  heating  vidues  per  {wnud 
of  combustible  are  either  obtained  frum  direct  calorimetric  delemiina- 
tiona  or  calculated  from  ultimate  analyses,  except  those  marked  (?), 
vhich  are  estimated  from  the  heating  Vidneti  of  coals  of  similar  com- 
position. The  fignrcs  iu  the  last  column  are  obtained  by  dividing  the 
figures  in  the  preceding  oohimn  by  905.7,  the  number  of  heat-units 
required  to  evaporate  a  pound  of  water  at  213°  into  steam  of  the  same 
temperutnre. 

The  healing  values  per  pound  of  combustible  given  in  the  table, 
except  those  marked  (?).  are  probably  within  3%  of  the  average  actual 
beating  values  of  the  combustible  portion  of  the  coals  of  the  several 
districts.  When  tlie  poroentoge  of  moisture  and  ash  in  any  given  lot 
of  coal  is  known  the  heating  value  per  pound  of  coal  may  be  found 
approximately  by  multiplying  the  heating  value  per  pound  of  combus- 
tible of  the  average  coal  of  the  district  by  the  difference  between  100^ 
and  the  sum  of  the  percenta;;c^  of  moisture  and  ash. 

In  ltSi>'i  the  author  detluct-d  fioui  M:dder*8  teals  on  European  coals 
a  table  of  the  approximate  heating  value  of  coals  of  different  composi- 
tion, which  IB  given,  somewhat  modified,  below,  (Trans.  A.  S.  M.  E., 
Tol.  XX.  p.  337.) 

Tbo  experimenta  of  Lord  and  Uans  on  American  coals  (Trans.  Am. 
Itt'it.  Mining  Kngineera,  ISD*")  pnicticalty  confirm  these  figures  for  all 
coals  in  whicli  the  percentage  of  fixed  carbon  is  SO^  and  over  of  the 
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APPROXIHATK  flBATtNa  TALCB  OF  COALS. 


IVrcrnt 

HMUiiit  Valu*  per  lb. 

r*r  cent 
Fiscal  I'srboii 

BmiIdr  Vftltir  p«r  lb. 

ill  Co*l 

ill  Cutil 
Dry  jud  Free 

Dry  aod  Vr^v 

from  AaJi. 

B.  T.  U. 

CrIoMm. 

f  mm  .V«h. 

B.  T.  U. 

CftJortM. 

100 

14.S80 

8,100 

68 

in,4so 

M,600 

87 

H.»40 

1:1.300 

(KJ 

10,1  JO 

8,400 

l>4 

15.210 

8,450 

60 

14.780 

8L900 

90 

!5,4W 

S.tlOO 

07 

1 4,^20 

7.M0 

87 

l.\«IKI 

8,71)0 

55 

18.  SAO 

7.?(K) 

80 

1G,«40 

8.5100 

&» 

1^30 

7.400 

73 

10.000 

6,700 

61 

12,420 

6,1)00 

cotnbnstiUIp,  bnt  for  coals  containing  less  than  GO<l  lixed  carbon  or 
more  thau  40?^  volatile  matter  in  the  ronibnstiblo  they  are  liable  to  on 
error  iu  eitliur  direction  of  about  4jf.  It  appears  from  these  cxiieri- 
mentj  that  the  coal  of  one  eeum  in  a  ki^b"  district,  where  tlie  ratio  of 
the  volatile  matter  to  the  total  conihiiatible  ia  uniform,  has  Uie  same 
heating  value  per  pounU  of  combugtible,  within  ouu  or  two  per  cent,  but 
that  coals  of  the  same  proximate  analvBis,  and  coniaiuiug  over  40^ 
volatile  mattor,  bnt  niine<l  in  different  distriiits,  maj  differ  6  or  8  per 
cent  in  beating  valne. 

It  will  be  noticed  that  the  coals  containing  from  73  to  87  per  cent 
of  fixed  carbon  iu  the  conibii;<tiblo  have  practically  the  »anie  heating 
value.  Tliia  ia  confirmed  by  Lord  and  Hitas^H  te^t^i  of  rnrjihontas  coaL 
A  Ettidy  of  theeo  tests  and  of  Mahlcr^s  indicates  that  the  beating  valne 
of  all  tbo  somi-bitnniiiious  coals,  75  to  87.fi  per  cent  fixed  carbon,  Is 
within  liiH  uf  15.rjn  U.T.U.  per  lb. 

The  heating  value  of  any  coal  may  also  be  calculated  from  its  ulti- 
niatc  analysift,  with  a  probable  errnr  not  exceeding  2if  (except  in  the 
CHites  of  cannul-coal  and  nomo  lignites  in  which  the  error  may  be 
greater)  by  the  following  fonnnla: 

Flwiting  value  per  Ik  =  14G0  +  62ofH  -  —\ 

in  which  C,  11,  and  0  are  respectively  the  percentages  of  carbon, 
hydrogen,  and  oxygen.  This  formula  is  known  as  Onlong's.  X\t 
approximate  accuracy  is  proved  by  both  Mahler's  and  Lord  and  Haas's 
experiments^  and  any  deviation  of  the  culorimetric  deteriiiinalion  of 
any  ordJuary  coal  more  thau  2<  from  that  calculated  by  the  formula 
is  more  likely  to  proceed  from  an  error  in  either  the  calorimetric  test 
or  the  analvsis  than  from  an  error  in  the  formula. 
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C«l»rti1c  potrer  compur^  by  Dulonic'o  for- 

iiiutn  from  ulllokitti*  ■nah'siM,  B.  T.  U 
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llrUlt«r*tmm-IIMkltit[  rnUir. 

CatorUli.'   |¥i<T<.'r  conipuUNl  fmtn   proxUiMlv 

ftn«tj«M  by  K«nt  NUbbf.  B.  T.  u 

IUI»lJ*p 

Oftl^nric  pnw»r  compute  by  Dukmji's  for- 
riulA  rn>u  ullluwie  MtalrMM,  U.  T.  U 

KrlallvK   

CUoriflc  twwvr  from  auoUi^r  wi  of  auaJyww, 

14^16 

W.7 

CklMinc  pow«r  Bkrru*  oslorlfkwlc-r,  B.  T.  U.  ■ 

njMA 

90.4 

TliB  twUlhra  valom  arr  fouiid  bjr  Mvumtns  OwiiberlWMl  \0H. 

The  tlgnres  ohtAined  by  the  Barrus  calorimeter  we  clearly  in  error 
They  are  far  below  those  obtainwl  ou  similar  coals  by  the  Mnhlet 
calorimeter.  iumI  also  Iwi-low  tlie  calculntod  values. 

Errori  in  Reported  Heating  Valaee  of  Coalt.— Errors  in  sampling 
and  in  the  calorinietric  test  are  quite  cuntmou,  imil  the  error  of  the  latter 
»  almost  ulwavs  in  the  direction  of  making  the  rr>part»l  heating  rujue 
of  a  coal  too  Bmall.  The  effect  of  this  error  is  to  mako  the  apparent 
officiencT  of  a  boiler  tested  with  this  coal  higlier  than  the  real  efficiency. 
Whenever  the  efficiency  rei»orled  is  high  and  at  the  same  time  the 
reported  heating  raliie  of  the  fuel  per  pound  of  combustible  is  more 
than  2  per  cent  lower  llian  the  figurcri  in  t)ie  table  on  page  46  for  coal 
from  the  same  district,  the  results  should  be  looked  on  with  suBpicion* 
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ftiriher  information  on  this  subject  vill  be  found  in  »  papor  by  the 

thor  entitled  ''Tlie  Kfficioucj  of  a  Steam-boilor:  What  is  it?^'  in 

raiis.  Am.  Soc.  JlL-cliauioul  Knginet-rs,  vol.  ivii.  p.  G45. 

Tiie  ethcifuc^v  conimonlv  obtained  in  practice  in  tlie  Western  States 

with  bitominonit  coals  burned  in  ordinary  furnaces  is  not  over  CU^, 

and  ifl  oft4;n  lew  tlian  50,*.     Probably  ^h%  is  a  fair  avonigc.     Tlio 

highest  ctliu-ieuL'y  obtainable  under  iho  beat  cuudittous,  wilh  mechaai- 

■c&l  stokers  and  with  furnaces  adapteil  to  burn  the  volatile  matter  of 

Btlie  coal,  \i  about  "*&%.    The  dilTerence,  iiOr*;  -i-lh^  —  ^ZG^i^,  \e.  the  margin 

Wior  saving.     If  only  half  of  this  eavlug,  ur  l^l't>,  cau  he  made,  and  this 

ifi  eauly  )>osfiiblo  by  the  introduction  of  iuiprovuU  methode  of  burning 

•Weatorn  coala,  the  a'duction  of  the  cost  of  cojd  use^l  for  steam  puqKKes, 
Were  theec  improvements  gcucndly  adopted,  would  amount  to  many 
milUoDa  of  dollars  a  year.     Tins  is  the  most  important  improvemuut 

tthat  cau  be  iiiiidi)  in  exi&litjg  American  boiler  pnictico- 
Belatlon  of  Quality  of  Coal  to  the  Capacity  and  Economy  of  a 
Boiler. — Tho  aetuut  evaporating  ca|>iicity  of  a  boiler  containing  & 
given  iimouht  of  healing  surface  and  a  given  area  of  grate  depends 
primarily  u)H)n  tlie  i^tiantily  of  heat  which  may  be  gcuemt^^  in  tho 
furnace.  This  depends  on  the  quantity  of  coal  that  may  bo  burned, 
and  also  on  its  finality.  The  better  the  iniulity  the  greater  number 
of  heat-nniis  will  be  generated  by  the  combustion  ai  each  pound.  If 
tho  coal  is  high  in  luoislure  or  in  oxygen,  not  only  will  the  heat-uuito 
derived  front  a  pound  of  it  be  low,  but  the  attainable  lem[>ernture  will 
also  be  lower  than  that  attainable  from  a  better  coal;  and  furnace 
temperature,  as  will  lie  shown  in  another  chapter,  is  an  important 
factor  of  lH>th  capacity  ami  economy. 

If  the  coal  is  high  in  ash,  not  only  is  its  value  per  ton  diminished, 
but  the  <iuantity  of  ash  formed  on  the  grate  tends  to  check  the  air- 
supply,  and  therefore  to  diminish  the  rate  of  combnatiou.  and  conse- 
quently the  quantity  of  steam  generated.  If  the  coal  ia  high  io 
sulphur,  the  ash  will  be  apt  to  fuse  into  clinker,  and  this  may  choke 
the  gratM  completely,  necessitating  frequent  cleaning  of  the  fire. 

In  order  to  develop  the  ratwl  caimcity  of  a  boiler  witli  poor  coal 
high  in  ash.  it  is  necesaary  to  have  either  a  larger  prate  surface  or 
stronger  draft  than  with  good  coal.     .Sometimes  Htrong  draft  is  of  npj 
avail,  on  account  of  tho  clinkcring  of  the  ash,  aud  io  such  a  case  l""g»| 
grate  surface  is  absolutely  required. 

The  quality  of  coal,  therefore,  is  a  most  important  factor  of  bothj 
the  capacity  and  economy  of  u  boiler     It  is  possible  with  a  good  frea*j 
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burning  coal  to  obtain  from  a  given  boiler  tvice  as  mucli  steam  as  can 
be  obtained  witli  the  sante  boiler  and  the  eauie  draft  from  ]ioor  coal, 
and  tlie  relutire  effioiency  obtainable  with  tiic  two  coats,  or  the  steam 
gt-neratecl  per  |>ound  of  coal,  may  differ  30  or  40  per  cent. 

Tlie  quality  of  tlie  coids  of  the  United  States  varies  gi-eatly  in  dif- 
ferent districts.  In  some  limited  districts  the  very  best  quality  is  regn- 
larly  found;  in  other  districts  the  quality  is  uniformly  from  good  to 
medium,  and  in  still  others  it  rungea  from  {>oor  to  worthless. 

To  buy  coal  on  the  reputation  of  the  district  in  which  it  is  mined 
is  not  as  good  a  way  jis  to  buy  it  on  a  guarantee  of  quality,  as  deter- 
mined by  an  analysis  for  water,  volatile  matter,  ash,  and  sulphur, but  it 
is  the  most  common  way.  A  knowle^lge  of  the  quality  of  coals  found  in 
ditleront  districts  is  therefore  of  some  importance.  Tho  next  chapter, 
"  Coal-fiflds  of  the  Uiuttid  States,"  is  devoted  to  this  subject. 

Valuing  Coals  by  Test  and  by  Analysis. — The  best  way  to  obtain 
the  relative  value  of  ditferciit  coals  for  any  particular  steam-boiler 
plant  is  to  have  a  car-load  of  each  coal  tested  nnder  the  ordinar}'  run- 
ning conditions  of  the  plant,  and  then  to  check  the  resnlts  by  a  proxi- 
mate analysis  of  each.  Tho  coal  tliat  is  moat  economical  for  ono 
boiler-plant  is  not  necessarily  the  most  economical  for  another,  ou 
account  of  the  differences  in  conditions,  such  as  kind  of  furnace,  area 
of  griire  surfm-e,  draft  available,  etc.  A  plant  designed  for  the  pur- 
pose may  be  able  to  use  with  satisfaction  the  poorest  quality  of  the  fine 
ix«s  of  aulhracito,  while  another  may  not  bo  able  to  use  anything 
eapor  than  the  best  p<'a  coal,  and  still  another,  having  dcficieui grate 
surface,  may  be  com[)elled  to  use  egg  size,  or  even  semi-bituminous. 

IJesidcs  testing  the  coals  by  burning  them  under  the  boilers  and 
weighing  llie  quantity  of  water  evaporated,  a  proximate  analysis  of 
each  coal  should  bo  made  so  as  to  arrive  at  a  standard  of  <iuality 
by  reference  to  which  future  purchases  may  be  made. '  A  schedule  of 
relative  values  may  theu  be  prepared,  somctliing  like  the  following: 

Anthradh  and  Semi-antlirantr.. — Tlie  standard  Is  a  coal  containing 
fi<  volatile  matter,  not  ovorSjf  moisture,  and  not  over  I0#  ash.  A  pre- 
mium of  H'on  tlie  price  will  be  given  for  each  per  cent  of  volatile  matter 
above  5;i  up  to  and  including  15^,  and  a  reduction  of  ^%  on  the  price 
will  be  made  for  each  W  of  moisture  and  ash  above  the  st&ndard. 

Semi-bit n/ninoiis  and  Biiuminou^. — The  standard  is  a  semi-bitu- 
minoos  coal  containing  not  over  20;^  volatile  matter,  2j£  moisture, 
6;^  ash.  A  reduction  of  \%  in  the  price  will  be  made  for  each  \%  of 
Tolatile  matter  in  cxcees  of  25^,  and  of  'i%  for  each  1%  of  ash  and 
moisture  in  excess  of  the  standard. 


Tns  sccompanyin;^  maps  shoving  the  developed  coal-BcltU  of  the 
United  Statoa  are  copied  from  one  that  waa  published  in  the  Reports 
of  the  Census  of  1890. 

The  long  field  extentltng  Boutliwesterly  from  uorth'central  Penn- 
sylvania to  near  the  centre  of  Alabama  ia  tlio  great  Appalachian 
field,  which  contains  in  a  narrow  strip  on  its  eastern  border  the  wmi- 
bituroinouscoalB,  nml  wet^t  of  UuBstrip  the  best  vurieties of  bituiuinous 
gas,  steam,  and  coking  coals.  East  of  this  field  there  are  several 
smidl  detached  tields,  the  most  important  of  which  are  the  three  an- 
thracite Helds  of  eastern  PenuB.vlvania.  To  the  northwest  there  is  the 
fieparatu  field  of  Michij^an,  containing  a  rather  poor  quality  of  bitumi- 
nous coal.  To  the  west  is  the  Illinois  or  Ceutral  fiuld,  extending  into 
Indiana  and  Kentucky,  and  containing  a  great  variety  of  bitnminoua 
ooftis,  most  of  wliich  are  inferior  to  the  coals  of  the  Appaliicluan  field. 
West  of  the  Miaiilasippi  the  principal  field  is  the  great  Missouri  field 
covering  several  States,  and  having  several  detached  portions  reaching 
into  Texaa.  The  couls  of  this  field  are  mostly  of  a  p<jor  quality.  West 
of  the  07th  meridian  thei-o  are  a  great  ntimborof  detached  fields,  mostly 
of  small  areas,  with  every  gra<3o  of  coal  from  anthracite  to  Hgniic. 
Tho  priiicipid  chunictertstios  of  the  several  fields,  and  the  quality  of  th© 
coal  foiiml  i[i  (juoli,  will  bo  treated  of  be]ow. 

Qraphitio  Coal  in  Rhode  Island  and  Hassaohnsetts. — An  area  of 
400  sfjuare  mile^  in  itie  central  jiart  of  Rliodu  Island  and  eastern  part  of 
Maasachiiaetti*,  from  Newport  Nock,  K.  I.,  to  Mansfield,  Mass.,  contains 
a  variety  of  anthracite  which  has  been  metamorphosed  into  graphite  or 
gmpliitic  coal.  It  requires  such  a  high  degree  of  heat  for  combustion 
that  it  can  be  nsed  only  with  other  combustible  material  or  under  a 
heavy  draft.  The  deposit  was  worked  as  early  as  ISOS,  at  the  Porla- 
mouth  mine,  uud  at  iutenuls  since,  but  never  with  profit. 


CaAUVIKI.Ut>   or   TUE    ISIJtD   ffTATEf.   Wt*T   OK  TJIt:  97TI1    iftltll'IAS, 
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AXAXTUS  OF  UUODX  ISLAND  AltD  MAHACRCBETTS  COAL 

Water  aail  VoluiU>  Jittur.  FUed  Cu-bon.  AiDl 

MaosSeld,  Mass 3  lo  4  90  to  M  4 

Bliurlv  Ulanil  cmU 7  to  10  77  to  84  0  to  6 

C'tmnslOD.  It.  1 6.55                 3.5S  83.86  6.05 

The  Anthracite  Coal-bede  of  PeimsylTania. — These  beds  are  all  in 
the  eiistvm  i>ortiaii  of  tlio  8Utc.  They  are  throe  in  Dumber,  known 
Ttirioiisly  as  First,  Second,  and  Tiiird,  as  ISoutheru,  Middle,  aud 
Northern,  or  as  Schuylkill,  Lchi>rh,  and  Wyoming.  The  area  of  the 
£r8C  is  l.'IU  (M}uar»  miles,  of  the  ttwoTjd  'SH  square  mile£,  and  of  the 
third  I'JO  squai'c  miles— a  total  of  472  squoro  milea.  There  ai-e  iiftwn 
workable  bedi^  in  ihiu  urea,  of  a  tutal  thickness  of  107  ft.  of  coal,  the 
thickness  of  the  measures  in  which  the  beds  aro  interstra tilled  being 
about  3000  feet.  The  coal  iu  all  of  the  lields  follows  tlie  general  luw 
i)t  increasing  in  |)ereentuge  of  vulatJle  matter  and  decreasing  in  hard- 
ness towards  the  wi^teru  jiortiou  of  the  fields. 

la  **  Mineral  ICcsourccs ''  for  1886  the  authracito  fields  of  Penn- 

^vylvania  are  described  as  grouped  into  five  principal  diTJsious: 
(I)  The  southern  or  Potlsville  Held,  extendiug-  from  tlie  Lehigh  Kivor 
al  3Iauch  Chunk  southwest  to  witliin  a  few  miles  of  the  Susquehanna 
River  north  of  Harrisburg;  (2)  the  western  or  Mahanoy  and  Slmmokin 
field,  lying  between  the  eastern  head-valers  of  the  Little  Schuylkill 
Kirer  and  the  Susquehauna;  (3)  the  csisteru  middle  or  the  upper 
Lehigh  field,  lying  between  the  t-ehigh  River  and  Catawissa  Creek, 
principally  in  Luzonic  County;  (4)  the  northern  or  Wyoming  and 
Lac-kawanna  field,  which  lies  iu  the  two  valleys  from  which  its  geo- 

I graphical  name  is  derived;  (5)  the  T^yalso^^k  and  Rfohoopany  field, 
named  from  the  two  creeks  whose  head-waters  drain  it.  The  latter  is 
a  small  field  about  '20  or  25  miles  northwest  of  the  western  eud  of  the 
northern  field. 

In  addition  to  this  geological  division,  the  fields  are  also  subdivided 
under  dilTerent  names  and  in  adlffereut  way  for  trade  {iur{>oseii,  the 
divisions  being  known  as  trade  regions.  These  are:  (1)  The  Wyoming 
region,  cmbntcing  the  entire  northern  and  Loyalsock  fields;  (2)  tho 
Lehigh  regiou,  embracing  all  of  the  eastern  middle  field  and  the  Pan- 
ther Creek  district  of  the  t<outhern  field:  and  (3)  the  Scliuylkill  region, 
«mbracing  the  western  middle  field  and  all  of  the  sonthern  field  except 
the  Panther  Creek  district. 

Bizei  of  Anthracite  Coal.^Much  confusion  and  inconvenience  in 
the  marketiug  of  anthracite  coal  has  been,  in  times  post,  occasioned 
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by  the  want  of  niiifomiity  in  the  sizes  of  the  cool  produced.  At  a 
meeting  of  operators  from  every  [mrt  of  tf]»  authnicite  fields,  held 
for  the  purpose  in  Wilkesbarro,  tins  subject  was  condidoreil,  Hud  the 
followiug  sizes  of  mcslies  were  adopteil.  to  take  eCfect  Juuuary  1,  1891 : 

Egg.  llirougli  2]  incbvM  and  ovur  3  iDclies, 
Htovo,  tbrougb  2  inr.hes  and  ovar  1}  iticbos. 
Cliestiiut,  tLfOQ^h  1^  inchi^  mul  nver  ]  iocL, 
Pea,  tlirougli  }  iiicb  and  over  4  Incli, 
Buckwheat,  lliroug'L  \  inch  and  over  f  toeli. 
No.  2  lm<:kwIiL-At,  ilirnu^'L  i  mcb  lutd  ovar  }  iDcb. 

Semi -anthracite  in  Sullivan  Co.,  Pa.— The  Beriiice  coal-basin  lias 
"botwccu  Becoh  Creek  on  llie  north  aud  Loyalciock  Creek  on  ihe  80uth. 
It  is  six  miles  long  K.  to  W.,  and  hardly  a  third  of  a  mile  across. 
There  is  8  ft.  of  coal  in  a  bed  of  VI  ft.  of  coal  and  slate.  The  coal  of 
tliis  Ijod  is  oil  the  dividing  line  botweou  anthracite  and  ^emi-unthrarite, 
and  is  similar  bo  the  coal  of  the  Lykens  Valley  district,  ^'ine  analysea 
give  a  range  as  follows:  Water,  0.05  to  1.07;  volatile  matter.  3.56 
to  9.40;  axed  c-iirh'iu,  S3.53  to  89.39;  ash,  3.27  to  9.34;  sulphur,  0.24 
to  H>4. 

Progression  from  Bituminoos  to  Anthracite. — In  a  direction  acrowj 
the  liiLsins  nurthwHrd  frum  IV'niice,  in  Siillivun  Co.,  lo  Gaincti, 
Tioga  and  Potter  counties,  a  distaiico  of  50  miles,  is  seen  the  tiauai- 
tion  from  bitiiniinous  to  anthracite  coal,  tliu  proportion  of  volatile 
matter  to  fixed  carbon  in  the  different  b:wiu8  l>eing: 

Volallk*  llatt^r.  Plipd  Carbon. 

GabM,        I  to    l.g«i  equal  to 88.7  UM 

BloBsburg,  I  "    8.4W,       "        a3.8  77.7 

Barclar.      1  "    4.0W.      "       19.6  &0.4 

Boriiiw.      1  '•  10.289.       *'        8.9  »l  1 

At  Bcrnioe  a  semi-biluniinons  coal  underli«>s  the  seml^anthraoite 
60  ft.,  both  bods  being  found  in  tlie  same  hillside  only  OU  fL  apart.* 
In  iinotbur  cjwe  a  coal-bed  has  two  benches,  the  u|>per  senii-biluniiuona 
and  llie  lower  authnicite,  with  0  ft.  of  slate  bottom.  (From  re|»ort8 
of '2il  (rL'oloff'ical  Survoy  of  rVnn^ylvania.) 

Early  Use  of  Pennsylvania  Anthracite  Coal. — Pennsylvania  anthra- 
citecoal  was  knuwu  a»  early  at;  17GC,  and  vus  usi-d  in  1768  in  the 
Wyoming  Valley  by  two  hhicksmitha  named  Gortj.  In  177f>  several 
boat-loads  were  sent  to  Carlisle,  where  it  was  used  during  the  licvolu- 

*It  wUI  be  noted  tliat  tbia  cntidiiion  in  Sullivan  Co.,  Pa,,  la  exactly  OTiposite  to 
tliat  found  In  WMtom  PonnaylviDia  and  central  Oblo.  wb^re  llie  coal*  mined  over 
a  larf;tf  ettent  of  conntry  sliovr  neiirly  JdpatJoal  composUlon.  See  Lord  and  Hau's 
tMU  In  tbe  next  cliapl«r. 
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tioDiuy  War  to  mnnufactare  arms.  It  was  uot  used  fur  domestic  pur- 
poses antil  1808,  when  Judge  Jesac  Fvll  of  Wilkesbiirru  burneil  it  on 
an  experimental  grat«  of  hickory  witlics.  Ue  then  made  an  iron 
grate,  ami  taught  the  people  in  the  vicinity  how  to  m:ik<>  such  grateB. 
lu  1793  the  Lehigh  Coal  Mining  Co.  w:i8  fornieil,  which  some  years 
later  sold  a  quantity  to  the  oity  of  Philadelphia  for  the  use  of  a  steam- 
eniifiDe  ut  the  wuter-works.  then  at  Broiul  aud  Market  atr(M>ts,  but  it 
was  nut  used  bei'ause  it  **  could  not  !>e  burned/*  In  181:2  Col.  George 
Shoemaker  took  nine  wagon-loads  to  Philadelphia,  diBpo&e<l  of  two  or 
throo  loads  at  the  cost  of  handling,  and  left  the  rest  with  dltlerent  por- 
80DA  for  experiment.  At  tlie  Fairmouut  Wire  and  Xail  Workii  tlic  nork- 
men  spent  a  forenoon  in  fruitless  attempts  to  make  a  fire  with  it.  At 
laat  they  closed  the  furuacc  doors  and  went  to  dinner;  retnruingua 
hour  later,  they  found  the  dcioru  red-hot  and  the  furnace  all  aglow. 
After  that  there  was  no  more  trouble  in  burning  anthracite,  lu  l6'Zf> 
the  trade  wad  fully  established,  3G5  tons  being  shipped  to  Philadelphia 
in  that  year. 

The  failures  to  burn  anthracite  in  these  early  days  were  due  to 
ignorance  of  the  proper  conditions  for  burning  it.     The£e  are: 

1.  A  very  hot  fire  of  wootl  must  first  be  eatablisheil. 

2.  The  coal  should  be  laid  in  a  bed  several  inches  deep. 

3.  The  bed  of  cool  must  not  be  poked  or  otherwise  disturbed  white 
banning  to  burn, 

4.  A  constant  supply  of  air  must  be  maintained  from  the  grate 
through  the  fire. 

Au  interesting  account  of  the  early  historj*  of  the  anthracite  coal 
trade  will  be  found  iu  •*  Mineral  Industry  "  for  1895. 

Virginia  Anthracite.  —  lu  the  southwestern  part  of  Vii^iuia 
occur  beds  of  coal  which  on  analysis  prove  to  Iw  anthracite,  'lliey 
are  found  in  Pulaski  and  Wythe  counties,  along  the  southern  border 
of  Little  Walker  Mountain.  The  areas  are  limited  and  the  coaU  have 
been  greatly  disturbed.  They  do  not  belong  to  the  true  Carboniferous 
coals,  but  to  the  Upper  Devonian  (Ilogers  X.)  formation,  and  lie 
nnder  the  true  cotl-meaaurea  of  Pennsylvania,  Ohio,  and  northwc«teni 
Virginia, 

Analyses  of  seven  samples  gave: 

W«t#r.  VnUiiltt  MalM.  FIkmI  farboo.  Aah. 

0.32  to  0  80  0  lo  7.68  85.63  to  80.47  8.97  to  7.85 

Anthracite  in  Colorado. — Anthracite  coal  of  good  quality  is  found 
ID  GuuuisoD  Co.,  Colorado  (IlaydeD'a  Survey  Beport  for  1874).     The 
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coal  is  not  a  true  Carboniferous  antliraclte,  but  is  an  "  altered  lignite  " 
of  the  Post- Cretaceous  formation.  The  quality  varies  greatly  in 
different  beds  and  ereu  tu  llic  luune  bed  in  neighboring  localities, 
ocourriiig  in  all  stages  of  transition  from  bituminous  to  bard  anthra- 
cite. The  following  are  analyses  of  some  of  these  coals.  Ko.  Ill 
might  be  clu&sitied  as  a  scmi-bituminoua  coal,  and  No.  VI  as  a  semi- 
anthracite. 

L  n.  HI.  IV.  V.  VI. 

Wner 3.00  1.60  4  00 1  « «.  ) '"^ 

VolBtileiuatier  ....     3.60  3.W  U.OO  {  '*'"  ^''^  j  7.8» 

rix«dcarbou 01. UO  8»j.30  74.00  iSiM  61.02  8S.60 

Ash. 800  6.80  S.OO  3.68  5.80  4.37 

Anthracite  in  New  Mexico. — Dr.  B.  W.  Raymond,  formerly  U.  S, 
Miuiug  t'ommissiouor,  in  his  report  for  1870  doscribt-s  a  I>ed  of  true 
autbraoitc,  4  to  J  feet  thick,  near  Santa  F^,  containing  80.5^  of  fixed 
carbon,  and  another,  1^  miles  distant,  containing  S8,<  carbon  and 
h%  ash. 

BlTClIINOrs   AND    SEMI-BITCMINOUS    COAt-FIELDS  OP  TUE  rKITBI) 

States. 

The  following  notes  on  tlic  bituminous  and  semi-bituminous  eoal- 
fields  and  on  the  quality  of  coal  fouml  in  tlieni  hare  been  compiled 
from  ft  variety  of  sources;  among  others,  the  reporw  of  the  U.  9. 
Census  of  18{>0,  the  annual  volumes  of  "Jlinera!  Hcsources  of  the 
Unitti<l  States"  and  "Mineral  Industry,"  reports  of  the  Geological 
Surveys  of  P^'nnsylvania  and  other  Statpji,  and  various  |>apers  in  the 
Transactions  of  the  American  Institute  of  Mining  Engineers. 

The  Triasfic  Area  comprises  what  is  known  as  the  Kiclinioud  basin 
in  Cliestt'rlii'Id  and  FTenrico  counties,  Virginia,  and  tlie  Deep  River 
and  Dan  River  fields  in  North  Carolina.  Charles  A.  Ashbnrnor.  in 
**M)Qorul  Resources"  for  18(it>^  says  that  the  first  coal  mined  systeinatl- 
cjilly  in  the  Uuiteil  Statoa  was  taken  frnm  the  Richinond  basin,  and 
that  in  18'-i-  about  48, '214  tons  of  coal  were  produced  there,  more 
than,  tfrelve  times  the  total  amount  produced  in  the  Pennsylvania 
nuthnicite  field  iu  the  same  year.  Its  masinuim  output  was  reached  in 
1883,  when  T4'i,587  tons  were  mined. 

T/it  Bituminous  Coals  of  tht  Carboniferous  ForvuiHon  (not  in- 
cluding the  more  recent  coals  of  the  Western  States)  are  found  in  four 
Beparatc  Itelds  or  basins,  which  arv  shown  on  the  map,  viz,:  1.  Tho 
Appalachian  field,  extending  from  Ponnsylvania  to  Alabama,  contain- 
ing 59,109  square  miles.     The  cjistcrn  portion  of  the  Appalachian 
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fie]d  contains  tlto  fenii-bituminouH  coals,  which  ure  found  in  a  narrow 
strip  running  from  northern  Pennsylvania  throngh  portions  of  ilary- 
laud,  Virginia,  Weal  Virginia,  and  Tennessee.  2.  The  Illinois  boaiii, 
extending  into  the  western  part  of  Indiana  and  norttiweHtern  Ken- 
tucky, 1T.IS3  square  luik-s.  3.  The  Michigau  basin,  C7tK)  sqnoro 
miles.  4.  The  Missouri  or  Weateru  baain,  D0.343  square  miles,  cover- 
ing  portions  of  Iowa,  Nebraska,  Missouri,  Kannaa,  Indian  Territory, 
and  Arkansas,  with  an  extension  into  Texas.  The  coul  in  this  basin  is 
in  genera]  not  so  pure  o&  that  in  the  Appuluchinu  field,  and  contains  a 
great  deal  of  sulphur. 

West  of  the  Missouri  there  are  the  lignites  and  lignitic  coals 
(some  of  them  tntnsformcd  into  bituntinous  and  anthracite)  of  the 
Rocky  Mountain  fleld,  containing  the  coal  areas  in  tlie  States  a,pd 
Territories  lying  along  tlie  Rocky  Mountains,  and  thel'acitic  Coast  field, 
embrRcing  the  cool  districts  of  Washington,  Oregon,  and  California. 

'l*be  Tai'ions  fields  are  described  at  sumo  length  iu  "  Mineral  Re- 
soareea"  for  1&8[>,  and  also  in  the  report  for  1894.  Tlie  latter  also 
contains  some  historical  information  regarding  the  doTolopment  of 
these  fields.  "Mineral  Resources"  for  1S92  contains  some  inter- 
esting contributions  from  State  geologists  on  the  coiil-Geldti  of  several 
States. 

Pennsylvania. — The  Appalachian  coal-field  extends  over  portions 
«f  31  counties.     It  hiu*  a  total  area  of  1^,30'.£  square  miles  in  the  State. 

Blossburg  Held,  Tioga  Co.  Five  beds.  A,  15,  C,  D,  and  £,  from 
3(  to  5(  feet  tliick.  Coat  A  is  the  lowest  of  the  series.  Cool  B, 
Bloasbed,  A\  to  h\  feet,  is  the  l>e8t.  Coal  C  is  a  sort  of  cannel-eoal 
of  an  inferior  grade  in  this  location;  farther  west  it  improves. 

Mclutyre  basin,  Lycomiug  Co.  Tlie  coal-beds  are  similar  to  those 
of  the  IMoeaburg  region,  three  of  them,  E,  C,  and  A,  being  of  workable 
thickness. 

Towanda  baain,  BradforU  Co.    One  seam  also  fonnd  in  the  Hclnt^te 

Snowshoe  basin,  Centre  C^.  Eight  miles  in  length  by  four  in 
-width.  Five  seams.  A,  B,  C,  D,  £.  A  has  G  to  2\  feet»  and  £  5 
itttt  of  good  coul. 

Clevfleld  region,  on  Moshannon  Creek,  in  Olenrfiold  Co.  Three 
workable  seams.  5,  4^,  and  4  foet.  The  latter,  coal  D,  is  principally 
worked. 

Johnstown  region,  Cambria  Co-     Fire  beds,  A,  B,  0,  D,  £.  2  j  to  7 
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feet  tliicK.    The  cool  is  inosUy  used  In  the  iroQ-ondsteel-workiin  the- 
vicinity. 

HroutI  Top  basin,  in  Bcdfoi-d,  Iliiutingtou,  and  Fulton  counties, 
40  miles  east  of  the  Allegliiiny  MouiiL-tius.  The  areji  i^  81  square 
miles.     Five  workable  beds,  the  priucipzil  one  being  5  to  10  feet  thick. 

Sulisbury  busiu,  Somerset  Co.  A  short  extension  of  the  Cumber- 
land coitl-tieU)  of  Maryland.  It  contuiuu  uU  the  coula  of  the  Lower 
mcHsnres  and  sever&l  square  niil^s  of  the  Pittsburg  seam. 

Semi-bituminous  coal  is  ])roduco(l  in  nil  the  abovo-uamcd  ficUls. 

Main  Field  of  Western  I'eiiu&ylviiniu.  One  large  Held  iu  the  suiilh- 
WG^tcrn  counties.  The  sevend  beds  are  found  in  different  series, 
knowu  rL'spectively  us  the  Vpper  liiineu,  the  ITjiper  Pi-odudive,  ibu 
Lower  Barren,  and  the  Lowor  Productive  coal-measures,  and  the 
Cougtonierate  series. 

The  Upper  Biirreii  measures  contain  but  ono  seam  of  commercial 
importance,  the  Washington  seum,  which  attains  its  best  dovelu]uii3utf 
3  to  :{^  feet,  in  Wa^hingtou  and  Fayette  counties. 

The  Up]ier  Productive  Coal-measures  contain  tho  great  Pittsbnrg 
seaui,  0  to  I'-J  feet  thick,  in  Fayettt,  Washiugton,  Allegheny,  West^ 
nioreland,  and  Greene  counties,  smaller  areas  also  occurring  in 
Indiana.  Somerset,  niid  Heaver  counties.  The  famous  Conuells- 
villt!  coke  is  made  from  tins  seam.  The  CuunelUville  ivgion  is 
a  narrow  strip,  about  3  miles  wide  and  (iO  miles  in  length.  Tho 
Pittsburg  seam  here  affnrds  from  7  to  8  feet  of  coal.  Tho 
quality  of  the  coal  is  iuterniediate  between  the  semi-bituminous, 
lying  to  the  ea^t  of  it,  and  the  fat  bltuminons  coals,  to  the  north  and 
west.  The  Wayncsburg  be*l,  an  important  seam  in  (Jreene,  Washing- 
ton, Fayette,  and  Wcstmorelnud  counties;  the  Unioulown,  in  Fayette 
and  Greene  connties;  the  Sewickley  and  licdstone  beds,  in  Westmore- 
land aud  Allegheny  counties,  are  also  In  the  Ui)per  I'roductivonieasurea. 

The  Lower  Itarren  measures  contain  several  workable  lieds  of 
limited  area  in  Indiana,  Somei'set,  Butler,  Armstrong,  and  Bejiver 
counties. 

The  Lower  Productive  measures  contain  the  Freeport  Lower  coal,  a 
bed  of  great  importance  in  Jefferson.  Indiana,  Clearfield,  Cambria, 
Armstrong,  Centre,  and  Allegheny  counties,  and  workable  in  ]iarts  of 
Beaver,  Butler,  Elk,  Blair,  Cameron,  Westinort-laud,  and  Fayette 
oonnties;  the  Freeport  Upper  coal,  workable  in  fifteen  counties;  the 
Kittanning  Upper,  or  Darlington,  bed,  consisting  partly  of  canucland 
partly  of  bitiuuluoua  coal,  of  workable  thickness  iu  parte  of  Butler, 
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Ametiong,  Somerset,  Bcitver  (caimcl),  Indiana.  JefTerson,  KIk,  and 
Lyoomiug  counties;  the  Kittanniug  Middle,  locally  workable  in  Uut- 
ler,  Lawrence.  JotTerson.  Armstrong,  Elk.  ('amt-ron,  and  Clarion 
coimlies;  the  Kitlauuing  Lower,  workable  in  twenly-lwo  couniicUi  ftU 
excellent  coking  coal  along  the  All^haoy  escarpment,  and  In  tho 
western  couutiea  often  a  good  gas-coal;  the  Millerstowu  bod,  hically 
workable  in  iiutlur  County;  tlie  Clarion  bed.  In  enme  of  the  western 
counties,  usnully  quite  tliin;  ard  the  Brookville  bed  "A"  of  tbd 
Allejfbany  e^scarpment  counties,  often  a  very  auljihnrous  uoal. 

The  Cougiouierato  scries  contains  the  Mercer  UpjKjr  and  Lower 
coalt),  workable  over  limited  areas  in  Ijawrence.  JofTerson,  Mi-Keou, 
Klk,  Mercer,  and  Venango  coumics;  the  Quakertown  coal,  work- 
able over  a  small  area  in  fiercer  County;  and  the  Sharon  cf>al,  good 
bnt  nearly  exhausted  in  ^fercer  County,  and  thin  and  inferior  in  War- 
rcu  and  Crawford  fonntip.^. 

Analyses  of  Fennsylvaiiia  Bituminous  and  Semi-bitaminoos  Coals. 
— The  analyses  given  in  the  two  following  tables  arc  selected  from 
reports  of  the  PennRylrania  Geological  Surrey  and  from  various  papers 
in  the  Trauaactions  of  tbe  Amerieat)  luiititute  of  Mining  Engineers. 
The  figures  of  approximate  heating  ralue  per  lb.  of  combustible  are 
interpolated  from  the  table  on  p.  48  allowing  the  relation  of  heating 
raloe  to  the  percentage  of  vobtile  matter  in  the  combustible.     For 

rssxsrLVAJciA  tEan^iTCKixoos  coaia. 


I"io.  2.— SEKi-RiTrMnsons  AT«n  BrrcruiNOUs  Coal  Beciiox  of  Pennsylvania. 
(TLi-  fijiiiren  under  tli«  oRmm  of  tbo  coanties  represent  th«  percuntofro  of  vola- 
tile nmtter  of  the  coals  of  vncli  county,  its  given  in  tbe  talilti  o(  analvses.) 

The  figures  of  volatilo  matter  per  cent  of  combustible  are  ontereO 
on  the  ftcoompanying  map  under  the  names  of  the  severttl  connties. 
It  will  be  seen  that  tliL-re  is  a  gi-neral  femloncy  for  the  vohUile  miitler 
to  increase  towanJs  ilio  wt-at  aud  north.  Blair  County  seems  to  he  an 
exception.  The  boundary  line  along  whirli  the  semi-bituminous  con.18 
fi^rade,  more  or  less  mpidly,  into  the  bitnmmoas,  and  the  location  of 
bods  of  bitnminous  coals  M-itbin  tho  limits  of  tlie  portion  of  the  field 
which  contttina  the  aeml-bituminous  coals,  as  far  as  the  aiithor  is  aware, 
liare  not  yet  been  laid  down  on  any  map. 

Tho  difforenco  between  tho  spmi-bituminous  and  the  bitumiiioua 
coula  of  PeniisyWania  is  an  important  one  eeonnmically.  The  former 
hare  on  the  average  a  heating-  value  per  poitnd  of  combiLatible  about 
6  per  cent  liii;hi.T  ilian  the  lattor^  and  they  also  bum  vith  much  less 
smoke  in  ordinary  furnaces. 
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CoUDtf. 
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1.21 
0.9B 
l.U 
O.fl.'i 
1.7'i 
2.25 
1.97 
1.18 
1.91 
3.11 
1.00 
1.16 
1.14 

i.oa 

1.26 

32.53 
29.3ft 
83.27 
29.75 

»a.2a 

3«.49 
3H  90 
42. 6S 
39.88 
40.45 
a9  (H 
37.11 
»r..74 
36.49 
30.  iO 

60.99 
56.74 
SD.23 
CO  -17 

65.  yy 

46. 2o 
&4.I5 
49.  K9 
4«.97 
53.51 
50.20 
00.90 
51.75 
60  05 
69.61 

1.00 
1.73 
1.50 
1.79 
1.01 
2.97 
1.19 
2.00 
1.97 
t.S7 
2.00 
2.0A 
1.79 
0.81 
0.78 

3.76 
9.46 
5.97 
7.04 
9.67 
14.02 
4.10 
4.56 
7.22 
8.25 
6.96 

»4.8 
83.3 
85.3 
88.0 

:i6.8 

42.6 
41.6 

46.1 
44.9 

43.  A 

4a. 7 

15,300 

10,400 

10,200 

10  4U0 

15.100 

l4,6on 

]4  700 

14  IKK) 

14.'iOO 

U  -'jon 

14,5(K> 

Tmiglii'iglieny  River*. . 

8.72 
U.IO 
2.01 
8.S3 

42. 1 
4U.V 
37.9 
88.5 

I4,7lW 
14,800 
15,100 
10.400 

Tho  following  tables  bIiow  the  great  shnilarity  in  compouiticu  ia 
tho  cQvkU  of  tho  upper  ami  lower  coal-measarea  iu  the  same  geogmphi- 
Oftl  belt  or  basin.  They  iils^o  kIiow  the  tendeuoy  of  the  volatile  matter 
to  incrcnse  to  the  westward : 

ArEAI.TABS  FROM   TUE  CrPKR  COAL-HXASL'BU   (PEKKA.)  IS  A   WESTWARD 

ORDER. 

LocsIiUen.  Uolfltura.       Vol.  Mat.      Fixed  C<irt>.  Aah.  Sulplntr. 

Anthracite 1.35  3.45  89.06  0,81  0.30 

Ciimb«rUoi1,  Md 0.89  13.53  74.28  9.29  0.71 

SkliBburj.  Pa. 1.66  22.80  68.77  6.96  1.24 

CoDDelUrille,  Pa 31 .38  60,80  7.24  1.09 

Oroensburg.  Pa 1.02  33.50  61.34  3.28  0.86 

Irwin's.  Pa 1.41  37.66  M.44  S.8S  0.64 

AKALTftES  FROM   THE   LOWER  CDAL-XEAarRB«  IN  A   WESTWARD  ORDER. 

LoealHlM.                   Miilsiutw.  VtJ.  M>|.  FUH  Onrb.  Aftli.  Snlphor 

AntbncllQ 1.86  8.40  89.06  5.81            0.30 

Broiul  Top, 0.77  18.18  78.84  6.69            1.02 

beDningtoQ 1.40  S7.28  61.84  U.93            2.00 

Jolinfibtwn 1.18  16.04  74.46  6.06            1.86 

BIkirsvillft 0.92  24.38  62.23  7.69           4.92 

ArmstniDir  Co 0.9S  88.20  52.03  O.U            3.66 

*  Th«  Toughloghenjr  Hlver  la  la  Allflgliimj,  WMttuorelaad,  uid  VtjtUt  conn. 
tiaa.  The  coni  mloed  along  this  rirer  is  a  faroril*  eoni  in  the  Ohio  and  Mluisaippi 
rtvar  inarknlR. 

f  ConnelliiTillA  Is  in  Fayette  County.  Tb«eoal  of  this  region  is  chielljr  used  for 
making  coke  for  blast-faniaoe  and  foondry  purposm. 
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Karyland  Semi-bituminoui  CoaL — The  Cnmbcrland  coal-field,  in 
AUegiiny  Co.>  ild.,  is  '•iO  miles  long  and  of  au  average  brcudtbof  4)- 
miles.  Its  norllieru  eud  reaches  into  Fenne^rlvauia  aud  its  southern 
extremity  into  Weat  Virgiuia.  The  main  bed  is  from  Vi  to  14  ft. 
thick.  The  coal  is  one  of  the  best  steam-coals  mined  in  the  United 
Stjites.  It  is  jet  black  and  glossy;  is  friable,  uiid  becomes  pulverized 
in  transportation  and  handling.  There  ai-e  several  other  beda  from  2 
to  6  ft.  in  thickness,  the  whole  series  of  the  Fcunsylvuuia  coal-meaff- 
ares  being  found  in  the  district. 

Elk  Garden  and  Upper  Poiomac  Coal-fields.* 

On  the  extreme  fringe  of  the  gi-eat  Appalachian  coal-basin  is  a  long, 
niUTOff,  detaclied  coal-field,  which  is,  in  some  respects,  one  of  the  most 
ini|H)rtant  in  the  United  States.  This  tlold,  about  90mile6  long  by  2J 
to  16  miles  wide,  extends  from  the  soutJiwostconicrof  Somerset  County, 
Pa.,  through  Allegany  and  fiariett  counties,  Md.,  Mincml,  Orant,  and 
Tucker  connties,  \V.  Va.,  into  Randolph  County,  W.  \'a.  In  this 
distance  four  distinct  subdistricts  ore  recognized,  the  Welleisburg  in 
Peiiusylrania,  tlie  Cumberland-Georges  Creek  in  Maryland,  iind  the 
Elk  Garden  and  the  Upper  Potomac  in  West  Virginia.  It  is  the  nc^arest 
to  tide-water  of  all  the  bituminous  coal-ndds  which  supply  the  great 
coal  markets  of  the  northern  Atlantic  seaboard,  and  its  coal-be<ls  are 
so  situated  as  to  permit  a  well-nigh  unlimited  increase  of  production 
should  the  trade  of  these  murketu  demand  it. 

This  great  coal-field  has  sometimes  been  termed  the  Cumberland 
coal-^clil,  but  the  name  is  now  more  appropriately  applied  to  a  coal 
(that  of  the  Big  Vein)  which  is  not  mined  throughout  the  entire  dis- 
trict. As  the  district  is  watered  chictly  by  the  Potomac  River  and  its 
tributaries,  and  as  most  of  the  mining  is  along  the  banks  of  that  stream, 
the  name  **  Potomac  Ui^in  "  has  been  suggested  for  Uiis  entire  coal- 
fiehl;  the  distinctive  and  well-known  uumes  of  the  several  subbasins, 
however,  being  still  retaineil. 

The  general  course  of  this  basin  is  northeast  and  southwest.  It  is 
hemmed  in  by  the  Alleghany  Front  Mountains  on  the  east  and  the 
Barkbono  Mountains  on  the  weat.  Its  general  shape  from  Ponnsyl- 
vania  to  near  the  southern  border  of  Twcker  County,  W.  Va.,  is  that  of 
A  wedge,  very  narrow  in  PcnusylTania,  only  2^  miles  vride  at  the  State 
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*  Ab«tniet  rrnm  a  fi&per  b^  Jos&pli  D.  Weeks,  resd  before  tLe  Americkn  lostltals 
of  MioiDg  Engineers,  1H94. 


line,  and  widening  as  the  mountains  draw  away  from  each  other,  until, 
at  Uic  point  named  in  Tucker  County,  it  is  some  16  milcB  wide. 

The  northern  end  of  tliis  field  jiassea  ihrouj^h  the  we>?t*iru  p;trt  of 
Allegitny  Couuty  and  a  portion  of  tlio  eastern  part  of  Garrett  County, 
Maryland,  and  from  it  the  enlire  coal  product  of  Maryland  is 
obtjiined. 

Virginia. — There  are  several  (ietachcd  coal-fiolds  in  the  Mesozoic 
rocks  L-ufit  of  llie  Allughauy  Mouutaius.  They  are  described  by  0.  J. 
Heinrich,  in  Trans.  A.  I.  M.  E.,  1878,  vol.  vi.  Tlie  Richmond  biisin, 
189  square  miles,  chiefly  in  Powhatan  and  Cheaterficld  counties,  west  of 
Bielimoud,  is  tlie  most  important.  It  contains  two  workable  beds,  the 
lower  3  to  5  ft.  thick,  and  the  upper  20  to  40  ft.  thick.  The  coal  is 
chiefly  biiuminons,  containing  30;(  or  upwards  of  volatile  matter  in  the 
combustible,  butat Carbon  Uill  semi-bituminons  is  found,  also  "carbo- 
nite  ■'  or  natural  coke,  corresipouding  m  amilysia  to  fleroi*anthracite. 

The  Appalachian  Remi-bitnniinon«  roals  arc  found  in  the  couth- 
wo(»t«ru  portion  of  the  State,  in  TnzeA-ell  County,  on  the  West  Virginia 
border,  aud  tlic  bituminous  coals  in  the  aouthwesteru  corner  of  the 
State  near  the  Kentucky  line. 

The  Pocahontas  coal-fiold  enibracps  parts  of  Bnchannan,  Dickin- 
son, Lee,  RussgII.  Scott,  Tazewell,  and  Wise  counties,  at  the  southern 
edge  of  the  Flat  Top  region,  including  the  Clinch  valley  field,  con- 
taining the  IjOwer  l^oductive  measures  of  the  Appalachian  field. 

The  PocTahontasFlat  Topcoal-meiisures  are  above  the  water-lerel,  in 
8  nmging  from  5  to  13  ft.  in  thickness,  extending  through  an  area 
estimated  to  contiun  not  less  than  300  aq.  miles.  Pocahontas  semi- 
bituminous  coal  is  from  tho  Lower  coal-moas tires  aud  contains  from 
IB  to  20  per  cant  of  vulutile  matter.  It  is  mined  in  Tazewell  Comity, 
Virginia,  and  in  Mercer  and  McDowell  counties,  West  Virginia,  the 
a<Ijoining  counties  to  the  north.  The  veins  dip  to  the  north  aud  west, 
and  the  exleusion  of  the  Ohio  division  of  the  Norfolk  and  Western 
Bailroad  north  to  tho  Oliio  Uivor  and  the  road  west  to  the  Cumberland 
Mountains  pass  through  tho  Middle  and  UpiKT  measures,  thus  opening 
up  coal  of  greater  volatile  matter,  bituminous,  splint  and  cannel. 

The  development  of  thii)  now  famous  region  began  in  18B1,  but  not 
until  1S83  was  any  coal  shipped ont  of  the  country.  In  thelatteryear 
the  Norfolk  and  Western  Railroad  completed  its  Xew  River  e-xtenaion, 
and  then  began  the  industry  wliicli  to-day  makes  the  Flat  Top  field  a 
promineat  factor  in  tho  coal  production  of  tho  United  States. 


■ 


North  Carolina. — Semi -anthracite  is  found  in  two  tinimportant 
be<l«,  18  ins.  thick,  iu  the  Dau  Kivcr  Qeld,  40  mites  long,  4  to  7  inilca 
wide,  of  which  8  miles  are  iu  Virgiuia.  The  Deep  Kiver  field,  SO 
milcB  long  by  3  wide,  contains  firo  beds,  all  differing  in  character, 
ranging  from  bituminous  cool  lo  an  impuro  plumbago,  na  shown  hy 
the  following  analyses: 

VoUlil<?  Itlatlvr.  FIx«(l  Cftfbon.  Mb. 

BitnmiDouft.  3  ft.  tbick 32.8  68.8  4 

Semi-bllutulnous,  1  ft.  tUlcfc 23.6  73.6  4 

AmLracit«,   3  ft.  thick 0.6  63.8  0.6 

PIunit)agiDous  sUle,  2  ft.  thick 10.4  7t) 

Plunil«go.  i{\.  lUick ., ia.3  74 

WeBl  Virginia. — Out  of  S4  counties  only  6  are  destitute  of  coal. 
The  ciuali^issemi-bitumiDoasin  the  eastern  portion  of  the  coal-bearing 
district  and  bituminous  in  tlie  western.  The  fir^t  coal-field  is  th& 
Potomac  bobiii,  au  extension  of  the  Cumberland  semi-bitumitjous  coal- 
field of  Maryland.  The  Monongahela  basin  embraces  five  beds,  of  which 
the  Pittsburg,  9)  ft.  of  clear  coal,  it)  the  most  im[K)rtant.  This  isagaa- 
coal,  and  makes  a  hard  coke,  but  is  high  iu  sulphur.  The  New  liivor 
coal-fleld  Yi&i  in  Fayette  and  Raleigh  counties,  bordering  the  New  Kirer 
from  40  miles  from  Qninnimont  to  Kanawha  Fallss.  It  contains  both 
semi-bituminous  and  bituminous  steam,  coking  and  gas-coals  of 
excellent  quality.  The  Kanawha  coal-field  lies  along  the  Kanan-ba 
Hiver  and  its  branches,  below  the  junction  of  the  New  and  Guuloy  rivers. 
The  coal  is  bituminous,  and  iiicliidos  gas-coals,  cannel  and  bard  splint 
coal.     It  is  largely  mined  for  shipment  down  the  Ohio  Kiver. 

WBST  TIROUflA.  ANALTBS8,  FROM  PBIMK'S  REPOUT  OF  TnB  CBKTSKMAI.  EXHIBIT. 

Mobtur...   ""j-^Sl^^     JJ^I^^     8ulpl.«r.      A-U. 

Piedmont.  Min«rftl  Co 0.62  19.86  T.'J.SO  0  7t  9.96 

Aiutuit  Pr«atou  Co O.Il  81.13  66.39  0.64  3.48 

KlQgwood,  top  of  bed 0.34  SI  .47  65.66  0  &8  3.S3 

HoBoutfabeU  Co.,  Upper  Frwport  bed. .  0.63  2S  06  64.38  0.77  17.03 

•■      PiUaburjbed 0.89  38.64  M.77  2.54  6.20 

**           ••     B«dfttone  seam O.S?  87.S8  S4.66  3.87  7.89 

»*            "      Sewidtley  ftMin 0.44  35.78  M.81  8.10  0.47 

"     W«rne«bupg  aeun. . .  0.74  85.88  86.86  0.71  7.55 

Dflsp&rd,  IlkrrlWD  Co 40.00  B3.80  ...  6.70 

MarpUy'8  Hon.  lUrrison  Co 1.S6  87.10  49.06  S.84  9  40 

Wooda  Han.  Ohio  Co 1,74  43.97  00.99  3.88  4.80 

Hurtford.  Putnam  Cu S.43  44.88  46  88  1.67  0.80 

Osbora,  WavDe  Co 3.80  40.43  46.73  0.76  8.56 

CAK.XKI/-<X>AL. 

FalUng  Uock  Creek,  Elk  Uirer 48.20        50.60        ....        6  00 

Pe^riuua.  BooQ«C'o 46.00        41.00        ....       13.00 
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AKALYfll!4  OP  WEBT  VIKOINIA,  COAL8,  NEW  RtVEn  RKUION. 

x-^"--  '^:^S  ..K.  «''^»'"^-  A.**- 

Qulnaimontlump 0.78  18.0G  79.38  0.23  l.ll 

black 0.83  17.57  79.40  0.38  l.M 

FlreCroek 0.61  29.84  75.03  HM  1.47 

IxjngdaUtSpwell) 1.03  21.88  72.33  0.27  C.27 

^uttalborg ...  l.Sfl  S-l-M  70.07  0  57  2,10 

Hiiwk"«NMt 0.03  2I.«3  75.37  0.2ti  l.?J7 

ADsled 1,40  32.61  83.10  0.74  8.18 

£aitem  Kentucky. — The  Appidacliian  field  cxtendB  into  Ku^tcm 
Kentucky,  includitip;  fifteon  counties  and  portions  of  tivo  otbora,  cov- 
ering altogetbcr  8083  sqmirc  niilu».  The  following  aualysc-s  arc  from 
Owen's  Oeologic^l  Wurvey  of  tho  State: 

1.     UwKDce  CoaDtf S.0O  36.;J0  57.»0  2.90  1.10 

3.  CarterCoaoty 4.10  34.60  05.20  4.77  1.41 

8.     Omtoap  CnuDly S.M  8A.00  92.S4  U.02  SxtQ 

4.  CarUT  CtHinty  (ranoel) O.AO  66.30  28.30  4.80  I.S2 

5.  I^wrence  County 3.20  32  S»  68.00  1  LFfO  1 .20 

6.  BoytlComity 8.27  33.77  f»4..'»l  6  01  I.M 

7.  CoAllon  County a.19  82.04  S5.58  6.71  1.6« 

The  foUotrlDg  analyses  of  Eastern  Kentucky  coals  are  taken  from 
sreport  by  Capt,  H.  S.  Ilodgix),  Corps  of  Engineers  U.  S.  A.,  January, 
lOOO,*  on  a  Snrrpy  of  the  Uig  Sandy  Iliver,  West  \'irginia  and  Ken* 
tvckj,  including  LeriaaanU  Tug  Korkd: 

t.ft«rKK3tCX  Cou*tTT: 

pMeli  Orclianl  vml      %        4.60        80.70        08.38        «.4»        1.08        40.1 

MrH«f7«»l 1     jgg^        ^^        ^^        ^^        jj^        ^j^ 

JaitXdOX  CDCXTT: 

Bit«nla«»«*l5..      6     P"       »«<«        »«-~       >^        '•*•       *>•» 
<«w  (  1.30        41.80        46.00      11.00        0.M        47.» 

OaoDeleoia.  .  8     >  '  **       **-=^       *^ '»       *«>       *>"**       "^ 

^^  M.aO        M.90        26  86        8.00        1.67        71.0 

Ftx>TO  CocxTt:                      J  8.80  SMO  60.»  1.80  0.4tt  »3  8 

(  1.30  98.70  01.70  10  80  1.88  41.8 

PlKX  Coom:                         }  1.80  36.80  87.60  8.80  0.89  88.4 

( 1.60  41.00  C0.S7  7.00  O.Ot  418 

kwtn^Um        .  ..  84.77  08.61  37,* 

Onarienal  1        aSB  MJfl  40.64  4.70  0-97  07.1 

MAKm  Cocwrt'.                 \\.4*  ».«)  8166  t.B8  ....  S4.S 

i  3:47  84.18  0B.08  8l»  1.17  ».B 

•  B.  &.  Pnrii— in  Ko.  8^  S«tb  tV>ofRw.  U« 
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The  oaalysce  here  given  are  selected  from  tboee  in  tlie  origiual 
report,  to  t»how  the  range  of  quality,  as  indicated  by  the  percentage  of 
volatile  matter  iu  the  combustible,  of  the  cohIh  of  the  several  counties. 

The  relatire  location  of  the 


counties,  and  the  percentage  of 
volatile  matter  per  pound  of 
combustible  in  the  bitumiunuti 
^iotcauuc])coaI  iu  each  county, 
aft  given  in  the  table,  are  shouii 
zn  the  uceompauying  map. 

The  author  commends  ta 
State  geologists  and  othere 
uho  havo  occasion  to  make  re* 
I>ortii  ou  Uie  extent  and  i^uality 
or  coal  deiwfiits  the  nifthod  of 
mapping  both  the  location  and 
the  quality  which  is  shoM-n 
here  and  also  on  pages  ^0  and 
7,*.  Thu  reporU  of  the  U.  8. 
Geological  Survey,  of  the  U.  S 
Census,  aud  of  Uio  Geological 
Surveys  of  the  aevenil  Stalea 
would  be  of  groat«r  value  than 
they  now  are  if  they  con- 
tained HU(th  n)a]>«. 
Tennessee. — The  Appalachian  field  ero68e«  the  eastern  |iart  of 
Tennessee  in  a  comparatively  narrow  lielt,  71  miles  wide  at  the  north- 
ern boundary  and  narrowing  to  SO  milea  at  the  southern  or  Ala. 
bama  and  Georgia  State  line.  The  workable  coid-area  is  confined  to 
what  is  known  as  the  Cumberland  table-land.  About  5100  square 
miles  are  contained  in  the  area,  which  is  embraced  iu  ninet^^en  coun- 
ties. There  are  nine  seams,  of  which  six  are  over  3  ft.  in  thiekuec^. 
The  coals  range  from  somi-bitnminoni<  to  bitmninons,  and  some  are  of 
excellent  quality.  In  Campbell  County  is  a  part  of  the  famous  Jellico 
steam-coal  field.  The  Sewanee  vein  la  one  of  the  most  im[)ortant  ouea 
in  the  State  and  is  worked  extenaively  in  Grundy  County.  Coke  of 
high  grade  is  nmdy  fn>m  the  coal  of  this  seam.  A  comprehensivfr 
paper  on  the  Tennessee  coal-fields,  by  Prof.  J.  M.  SafTord,  was  pub- 
lished in  ''Mineral  Kcsources,"  1802. 


Fig.  8.— nio  S*ni>v  Coat,  Ueoiox  op 
Eahikun  RcKTUcav. 
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Addtiion'B  Creek,  Cumb«rlaDd  Mouutalcs. 

Cniw  Crv^k. 

Sewiui«e  Mining  Co 

Trnof  City 

M>rluii,  tpptir  S«aiD 

EUm.   

OhAttmooofri 

Conl  Cn-«K,  Anderson 

Georgia. — The  Appalachian  coal-field  enters  the  oxtn;nie  iiortliweMt 
corner  of  llie  Stutfl,  the  cciul-iiifasuri'a  ot:L;ii]i}ing  an  arwi  of  from  150 
to  170  eq.  milt'S.  The  coul  m  simitar  in  ((uality  to  that  of  Teune^CL*. 
One  anuly»is,  from  Diule  Co.,  gave:  Mui&tiire,  1.20;  volatile  matter, 
23.0's  fixi^il  carbon,  60.50;  aah,  15.16;  sulphur,  0.84. 

Alabama. — The  southfni  c-xtrcmity  uf  the  Ajtpitluchiua  coH)<flel(l 
covers  about  55U0  sq.  miles,  in  the  northern  parte!  the  State.  There 
are  three  separate  hnsins:  the  Warrior,  aoOO  sq.  miles,  extendinp  nearly 
across  the  State;  the  Cabubu,  1»0  to  200  sq.  miles,  to  the  southwest  of 
the  Warrior  field,  and  the  Coosa,  160  sq.  milea,  ea^t  of  the  Cahabitand 
on  the  northwest  side  of  the  Cooaa  River.  The  coal-measures  contain 
ten  or  twelve  beda  of  workable  thickneas.  The  Cahaha  Hosin  coals  ur« 
the  best  in  the  State.    The  lar^r  bed  is  12  ft.  thick,  of  good  coal. 

The  following  analyeea  are  from  the  reports  of  £.  A.  Smith,  State 
geologist : 

Bed.  OouiitT.  UobtUTv. 

CalithA  Buhl  I 

C«linlM    Bliollv ..  1.66 

MfOiunli I.9I 

M-.vlfl , l.M 

I*ittl«  PltUlrarg. 8.05 

<>in|;tonieratft ,, ,,,  ^AZ 

Helena 3.ri4 

Mimtrvallo 2.18 

Wnrrlor  Uaiin : 

Tnwiilev, Walker .....  3.01 

.lucjffr.* '■      8.09 

Hiirtifll^ Msrinn 8.A0 

Pimtt  Co.'« UpperJeflfreon  .  1  47 

Lowt^r        '•       ..  1.5.1 

Ohio.  —  The  Apjmlachian  coal-field  in  Ohio  covers  more  than 
10,000  uquure  miles  in  the  eastern  aud  soutlieft:item  portion  of  the 
State,  its  length  being  abont  IBO  milcft  and  its  width  about  80  luWen. 
The  coals  are  all  of  the  hituminona  variety,  are  known  in  gciioral 
terms  as  block  coal.  fjiuR-coal,  canrel-eojd.  etc..  and  by  many  sjiocial 
names^  as  Afabouing  Valley,  ilocking  Valley,  Salinevillu,  etc.,  accord- 
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ing  to  the  prodncing  localities.  Thirteen  workable  beds  are  found 
aloij^  thu  Ohio  lliver,  bnt  only  two  of  ihetn.  So.  6,  or  the  "Great 
Vein  "  of  Porry  Co.,  and  No.  8,  or  the  Pittsburg  beii,  itre  found  work- 
able over  gruat  aix'os.  Ho.  1,  the  "  block  coal"  of  the  Mahouiog  Val- 
ley, called  eltiitwhere  '*  Massillon*'  and  "Jauksou"  coal,  is  ol  great 
excellence  wherever  fuund.  It  is  thinly  lamiuuti'd,  and  is  broken  by 
trausverac  cleavages  into  cubical  blocks^  vhonce  its  name  of  "block 
coal." 

AXALTaiCH  OF  OHtO  rOAt.fi  FIIOM  DIKKKTIBXT  BKD8  (NKWBKRRY). 

Oo«].  No.               L.OGKl[ty.            Blulaturt*.  V'ul.  Mai.      Fixitl  ('Arb.  A&li.  Sulphur, 

I.  MaboDiDK  Co 2.47  31.83  Gi.Hr,  1.45  0.S6 

IT.  llolniiwCa.. ft.lS  SS.65  52  70  UM  i.lH 

111.           ••         8.90  40.fiO  -ladS  5.05  1.S5 

III.  YolIowCrw'k  2.50  86.D0  5fl.:»  4.60  2.05 

IV.  C'-i)»Lwu.iiCo.(C':iiiiiM5l)l..'.0  44.40  44. .W  B.OO  1.73 
IV.  Swrk  Co ,7.00  30.80  5«.M  2.70  0.05 

V.    CvlumbiuftCu 1.1Q  40.45  53.75  4.65  8.51 

VI.  "  1.60  29.29  64  .W  4.00  8.80 

VI      Miiskinritmro. 8.47  37.88  Bit.S0  5.85  S.24 

VI.     J.>ITera<>n  Co 1.40  30.90  60.90  1.80  0.90 

VII.     SuliriH  C 1.70  84.30  50  5**  4.60  1.03 

VM.     farnillCfl 2.80  80.90  6-110  2.90  1.28 

Till.     lUrmrin  Co. 2.44  82  36  511.92  5.^  2.62 

The  following  arc  average  figures  for  some  Ohio  coals  by  Lord  and 
Haas.     See  Chapter  V,  on  "  Heating  Vdue  of  Coal." 

rpi«-r  Fw«pr>rt  Bed 1.93  37.S5  01,63  9.10  9.89 

Mi'lille  Ktlttiriiiiii^  Bed  (H<K:k- 

iii^  Valley) 6.59  Sr>  77  48.04  8.00  l.SA 

Jack»on  Co 8.17  85.79  03.78  3.28  1.18 

THE   NORTHBRX   OR   HICHIOAN   COAL-FIELD. 

The  coal  deposits  of  Michigan  are  detached  from  those  of  any  other 
8(Hte,  aud  form  what  is  known  as  the  Northern  field.  1'Jic  ai-ea  is 
about  (i700  square  miles,  the  central  point  being  noar  tlie  town  of  St. 
Louid,  in  Gratiot  County,  and  the  southern  boundary  passing  a  fow 
miles  ^outh  of  Jackson,  in  Jackson  County.  Beyond  this  to  the  iwuth 
there  are  several  detached  patches  of  proiluctive  coal -measures.  The 
greatest  thickneKS  of  the  measures  is  found  along  a  line  extending  from 
Ionia  County  to  Suginaw,  the  thicke.st  coal-heds  lying  along  Six  Mile 
Creek.  There  is  one  seam  of  bituminous  uoul,  3  or  4  ft.  tliick,  and 
toward  the  centre  of  Uie  bai^in  there  are  several  other  bods.  One 
analysis  gives:  Moisture.  2;  volatile  matter,  49;  fixed  carbon,  45;  ash, 
2;  sulphur,  2.  The  principal  operations  are  carried  on  near  the  city 
of  Jackson,  in  Jackson  County,  but  these  are  small  wbon  compared 
with  other  States. 
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The  Michigan  coals  arc  of  inferior  quaJity  when  compaied  to  those 
fihipped  by  luko  uud  rail  into  tho  State,  uud  the  imported  coals  are 
sold  so  cheap  that  there  is  little  encouragement  for  tlie  development  of 
the  Michigun  field. 

THE  ILUS0I8  COAI^BASiy. 
(ludiaoft,  UliiKH%aad  Wustero  Kentaekf.) 

Indiana. — The  lUtnoia  coid-fteld  extends  into  the  western  part  of 
Indiana,  covering  an  area  of  (i^iOU  iti)iiare  miles.  The  following  analyses 
are  given  by  tbo  State  Geological  Survey : 

JU<JU.YS1^S  Ur  INDIANA  lOALS. 

Holnun.  VolaUk  ll»U«r.  F1z«<l  Oarboa.  Aih. 
Caleing  coai$. 

I'arke  Co 4.50                45.50                45.50  4.50 

Sullivan  Co.  oal  M 2  85                4Q.3S               51.00  080 

Clay  Co 7.00                89.70               47.B0  6.O0 

Sptnoer  Co.,  coal  L 3.S0                45.00                46.00  3.50 

Clay  Co 8.50  81.00  67.50  8.00 

MartlnCo. S.50  44.75  51.S5  1.50 

Dariess  Co 5.B0  86.00  58.50  5.00 

The  following  ultimate  and  proximate  analyses,  credited  to  Noyes, 
McTaggart,  and  Craven,  are  taken  from  Poole's  '*  Calorific  Power  (rf 
Fuels": 

LoMlltr  rkrixin   ^T^*^     O*?"       KItro-      Bol-        Watfc       Aah      f^**^       ^ot 

Locmmr.         l«n>on.    ^^        ^,^         ^^       ^^^^       w»t*r.     A«li.     ^^^i.    Maitw. 

Brull 70.00  4.76  16.39  1.86  1.80  H.B9  6.38  50.80  84.4ft 

LaoMiiter 71.41  n.^I  lHA'i  1.54  0.63  13.66  3.68  47.33  87.64 

Nfw  Pitltburg..  62.88  5.07  18  06  l.OI  7  46  6.88  18.30  89.98  89.99 

•'      .       65.36  6.17  18.25  1.17  5  88  6.89  11.48  40.40  42.38 

Sbelboni 6A.H6  5  80  15.60  1.50  3.57  8.63  9  06  48.45  88.88 

Western  Kentucky. — ^The  Illinois  coal-field  extends  Into  thenorth- 
weetem  portion  of  the  State,  incloding  ton  counties  and  portions  of 
fiTe  others,  having  an  area  of  .'tHSij  square  miles  of  coal-mcasui-cs.  There 
are,  in  plaeca,  twelve  beds,  but  the  number  varies  with  t)ie  locality. 
Tbe  foUowiug  aoolyses  are  from  Prime's  Centennial  lioport  on  Coal: 

Mol.t«r«.       ^^Jii';  ^2«^  A^,  Sul,*ar 

OmU  A  (a^erag*^) 4.15  88.14  55.71  7.00  1.87 

"    Blaverage) 8.66  88.40  61.87  6.06  8.18 

"•    C  (KaJWuial  Iay«r) 4.60  40.10  61.85  8.95  1.49 

••    D(Kv«n^;e) 3.83  35.41  63.11  8.41  8.88 

«•    JCClirUtlan  Co.) 8.70  33.56  60.04  18.70  8.7B 

"    L  (aversi^) 4.38  88.31  64.19  8.35  1.60 

Brackenrldge  canael 1.44  83.40  38.30  7.96  8.44 


■ 


Tho  followiu^  art)  Irom  the  Geological  Survey  of  Kentucky,  1884, 
Weateru  CouJ-Field,  1>. : 

No.  of     Mrti-,.,-*        VoIaUlo  fixed  ..^  _  ,  . 

»"•-'•"-« Hj-To  .f.^  .'^z  j;.;:    j,t 
"— «- ^{j.z  .ro  .s  j.io°   J::? 

„          ^,.  -  i        a-3t>  38.14  45.56  4.20  1.88 

uancocltLo ^    (    to  7.46       to43.40       K.  55.30        to  11.00  to4.04 

OliioCo  fi   ]        *'^  '"^''^^  ^^^  8-^*  >-~^ 
*    lo5.«0       to45.70       U)56.30        to  14.20            to  8.18 

«      .        , ,      /^         .  ^    i        ^"*  W.40  27.00  7.W 

Tlie  Xolin  River  district  embraccB  portioufi  of  Grayson,  Edmonson, 
Iliirc,  and  Builur  counties. 

niinoiB. — The  coal-field  of  fllinoin  octnipies  an  arci  of  3G,800 
squaru  niiUjs,  or  nearly  txvo-t!iird.*  of  the  area  of  the  State.  The  coal- 
mctiBures  contain  six  bcJs  of  workable  eizc,  with  u  total  (liickueaB  of 
24  ft.,  but  the  beds  are  irregular,  often  wanting,  and  often  containing 
an  inferior  qtiiiHty  of  coal.  In  the  DiiQiioin  dJatrict.  Perry  Co.,  two 
Beams,  V  and  VI,  6  to  7  ft.  thick,  are  worked  within  75  ft.,  of  the 
surfiice.  In  the  Big  Mwddy  diatrlct,  Jackson  Co.,  tho  coal  occurs  near 
tbc  surfacL-.  The  lower  Bciinis  produce  n.  ^ood  block  coal.  From  the 
Bellerille  district,  St.  Clair  Co.,  St.  Louis  obtain>4  moiit  nf  itji  bitumin- 
ous  coal.  Coal  seam  VI,  5  to  7  ft.  thick,  is  principally  worked.  Tho 
lower  seam^  coutitiii  more  sulphur  and  the  quality  varies.  Other  large 
produein^difltri^'U' are  Ht  Xiflysvillo.  Duuviile.  and  I-A  Sullc.  The  lat- 
ter is  of  imiMjrtanoo  from  its  proximity  to  Chicago.  Them  are  throo 
workable  beds.  VI,  4^  to  &  ft,;  V,  :i  to  9  ft.,  usuuUy  6  ft. :  II.  4  ft. 
The  coal  of  tho  upper  bed,  Xo.  VI,  is  liglit,  dry,  and  free-bnrning. 
No.  V  18  a  purer  coal.  No.  XI  is  most  highly  bituminous,  cakca  in 
burning,  is  high  in  sulphur,  and  throws  otT  heavy  soot.  In  the  Wil- 
mington diatrict,  Will  Co.,  there  is  a  workable  seam  of  coal  which  ia 
largely  used  for  honsehold  and  steam  purposes.  The  Illinois  coals  are 
generally  high  in  moiature,  and  are  often  very  high  in  sulphur  and 
ash.  When  burned  in  ordinary  furnaces  they  produce  great  voluuiea 
of  bK'Kk  smoke. 

XotiA  to  the  Ttthle  of  Analystit  of  JlUnois  Coah. — The  sonrccs  of 
infonnation  from  which  those  auidysea  were  obtained  are  the  follow- 
ing, referring  to  the  figures  preflxed  to  the  names  of  the  towns: 
1.  Proceedings  Kngineers'  Club  of  St.  Ixjuis,   as  given  in  Wickea 
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Bros.*  catalogwo.  2.  1).  L.  Baraoa,  Trans.  A.  S.  C.  E.,  1893.  3,  4. 
-Catalogue  of  Wickes  Bros.,  credited  reepectirely  to  McCouney  atid 
Forsyth.  5.  Analyses  and  calorimetric  detenninations  (by  the  Car- 
penter calorimeter)  nuule  for  the  author  by  C.  \V.  Houghton,  Jkf.E., 
at  Cornell  TTnircreity  in  189C,  C.  William  IT.  Brj-an,  Euginecrs* 
CInb  of  St.  Louis,  189G,  averago  of  four  analyses.  7.  Analysis  of 
Stauutou  coal  made  for  tin-  author  by  the  Pittsburg  Testing  Labora- 
tory in  188.3  (Trans.  A.  S.  M.  E..  vol.  ir,  p.  25C).  This  particidar 
coal  gave  tbc  lowest  rcsuU  the  author  has  crcr  obtained  in  a  boiler 
tost,  viz.,  5.09  Ibfl.  of  water  oTaporated  from  and  at  312"  per  lb.  of 
coal»  and  6.7  lbs.  per  lb.  of  dry  oomhustiblo,  tlie  ash  and  refuse  otv 
tuined  in  the  test  being  17.7^,  and  the  moistiiro  in  the  coal^  by  aualy- 
ais.  6,3^.  The  boiler  in  this  case,  having  3308  sq.  ft.  of  hfutiug  sur- 
face, and  rated  at  293  H.P,,  developed  only  246  U.P.,  with  a  grate- 
sarfaee  of  60  sq.  ft.  and  a  good  draft,  burning  35.1  lbs.  of  i^al  per 
sq.  ft.  of  grate  per  hour;  nhilo  with  Jackson  Co.,  Ohio,  coal,  the 
■tme  boiler,  with  the  gratc-snrfaco  cnt  down  to 48  sq.  ft.,  and  burning 
«nly  17.7  lbs.  of  coal  per  sq.  ft.  of  grate  per  hour,  developed  4C0 
}I.P.,  or  over  ol^  above  rnting,  with  an  evaporation  from  and  at 
«13*  of  8.93  lbs.  per  lb.  of  coal  and  9.88  lbs.  per  lb.  of  combustible, 
not  corrected  for  moisture  in  the  coal.  The  analysis  of  this  Stauutou 
coal  shows  a  far  higher  percentage  of  volatile  matter  in  the  com- 
bnstible  (G8.5:^)  than  any  other  of  tlio  Illinois  coals  thus  far  reported* 
«nd  ncttrly  the  same  as  that  shown  by  the  Breckunridge  cannel-coal 
of  Kenmcky.  IJnring  the  boiler  test  tlie  coal  gave  off  dense  voluuies 
of  jet-black  smoke  for  a  minute  or  two  after  each  liring.  The  fur- 
nace was  evidently  cot  adapted  for  burning  this  kind  of  coal. 

Another  analyi^is  of  Staunton  coal  is  given  in  Poole's  "Calorific 
Power  of  Fuels,"  credited  to  Prof.  Car|»entor,  as  follows:  Xivy  coal, 
Tolatile  matter,  3G.0;  fixed  carbon,  48.0;  ash.  16.0;  volatile  matter 
per  cent  of  combustible.  43.9.  This  is  very  dilTerent  from  the  highly 
Tolatile  coal  mentioned  above,  and  is  practically  identical  with  the 
Ml.  Olive  coal  from  the  same  county. 

An  analysis  of  Colliuaville,  Madison  Co.,  coal,  for^  miles  south  of 
Staunton,  found  in  Wickea  Bros.'  catalogue,  credited  to  Engineers' 
Club  of  St.  T^uis.  but  not  included  in  the  table,  is:  Water.  5.3; 
Tolatile  matter,  43.9:  fixed  carbon,  31.6;  ash,  9.3;  volatile  matter 
per  cent  of  combustible,  58.1.  This  analysis  approaches  that  of  the 
Tolatile  Staunton  coal  and  iliffers  greatly  from  the  analysis  of  Collioa- 
Tille  coal  given  in  the  table. 


TBurwu  j  LaSciiiejGj:;::}^^'^'-! 


Fio.  4.— RrnTTTR  Position  oftkr  Coiwrnta 

or    luUI.VOlB  NAMED  IS  THK   TaHLB  OP  A.NAI.V- 

SKn  OP  Illinois  Coai^. 


The  accompanying 
skeletou  ump  shoWB  Ibe 
rel:itivu  locjitjona  of  tlie 
counties  of  JUiDois  mcii- 
tionecl  in  the  table,  villi 
the  average  percentJigo  of 
Tolfttile  matter  in  tho 
coinbnsl.ible  of  the  coal  in 
eacjli  county.  'I'he  hljjhly 
volatile  Staunton  coul  U 
not  includei]  in  the  aver- 
age of  Macoupin  Co. 

It  will  he  uotefJ  that 
the  ooaU  in  tlie  southern 
part  of  tho  State  are  much 
lower  in  volatile  matter 
than  those  ia  the  central 
ami  northern  parts.  Tho 
author  will  he  glad  to  fill 
up  the  blank  spaces  in 
this  mail  in  futnro  edi- 
tious  of  this  work  if  he  Is 
furni&hed  vitb  the  necee> 
sary  data. 


ANALYSES  OF  ILUNOIS  COAl^ 


Countf. 


Bureau  .. 

Cliristiaa 
Clinton. 
FttlMm. . 


Town  or  DWilct. 


'  Cnlcbester. 
»Udd  

*  SftotonTille 

»  Palm 

'  Trenton, . . 

•Br^anl... 

Can  ton.... 

•Claire 


11« 

13  0 

85 

10  0 

?a 

18.U 

a.  4 
8.5I 
8.3: 


'i^M  44.8 
»2.3i  42  0 
S8  5  44.1 
33  t1  40. fl 


8B.4 

:fl).4 
ITT.O 


40.9 
52.0 
43.6 
4^.1 
43.1 


IS.S 
18.8 
]5S 

9.6 

i.H 

21.0 

12.8 

80-8 


0.9 


r 


-3 


8S.8 
48.2 
48.2 
46.8 
48.7< 

87.o; 

48.  B 
4i.S 
4S.8 


14.700 
14,800 
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ANALISBS  OP  ILLINOIS   COAh&—Cantinvtd. 


Cwntr. 


BiCUir. 


VermilUfo 

Win 


Town  or  Dbtrict. 


TnltoD . . . . 
Ornodf . . . 

UlgHI..... 


H&rion . . . . 

lfcL«u... 
Peorik. . . . 

Pwy.... 

SugHBOB 


Cah* 

pnnfpnnlioe. 

FaruiiDgtycm,, 
Si.  l).vid.... 
Mnrrin 


Big  Muddy  


Carbondale. . . .  . 

Mt.  Carbun , 

USaU« 

PftU 

l^tnmtor 


t. 


Linroln 

Ml.  Hulaski.., 

NlMitlc , 

(iillespie 

Oltmrd 

Mt.  Olive.... 


Suaotnn.. . . 
CdlliiiKrille. . 
(.'•-iitnlia.... 

thiip 

B)rwniin|{toii . 
Kdwanla.,.. 
Kim  wood..., 
pMjria. . . ,  . , 
PotutowD... 
I>u  Quoin  . . 


Si.Jobn...., 
Barelkv 


|jO0«e*i 

Riverltin ,, 

Ileiiitz  Kluff.... 

Oakland 

8i.  Bvrcanl 

Vnlcan 

[INiuvllls 


WJIralogloD  Lump. . . . 

SoMnigL. 

*'wasbc4      "        .. 


4  8  48.7 

B.6  87.1 

t5.5  Ii2.fi 

14.U   2H.0, 

14.5  SVG 


0.9  87.8 
. .  Sft.O 
IS]  M.0 

97.9 

4&0 
2.4i  45.9 
..-148.9 
8.8  43.9 
4.4  44.4 
1.4  86.8 
U.7i  8«.« 

88.0 

49.1 

44.8 

45.1  14.090 

4A.0,  lt.900 

40.7  14.80» 


'  Av«racc  of  tva  mmjIm 


r  Af  aran*  «f  Ova  MHiplo. 
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The  beatiug  valuer  of  XlHiiois  coikle  pub1i&hc<l  iu  Poole's  "  Calorific 
Power  of  Fuels"  and  other  works  were  detcrmiucd  mostly  by  tlie 
Tlioinptioii  ciilorimekr.  Tliey  are  not  considered  reliable  and  have 
therefore  been  oraittod  from  tlie  table. 


THE   UISSOURF   C0AL-BA8IK. 

(lowtt,  lAQtlieastcni  Nebraska,  Misaouri,  easteni  Kauaas,  Arkanitas,  Indian  Torri. 

tory,  IVxMA.) 

Ti)e  fwpartttion  of  tbe  Western  coal-ficld.  of  wliieli  Missouri  forms 
an  importiiut  i>art,  frairi  Ihc  Illinois  or  Central  tield  ia  made  by  the 
Mis.'titnippl  Kiver  and  its  imineiliiite  valley.  At  one  place  near  the 
northern  border  of  the  Illiuoia  lield  the  present  course  of  the  MiBsis- 
sippi  cuts  through  it,  a  Bumll  portion  of  the  C'entnd  livid  being  found 
across  the  river  iu  Iowa.  The  two  fields  ore  really  the  same,  the 
"barren  valley  being  a  narrow  one,  and  in  it  isolated  bodies  of  coal  are 
found  both  in  Iowa  and  Mis»ouri.  It  lias  boon  costoniary,  however, 
to  consider  them  separately. 

Iowa. — Tim  Missouri  coal-basin  occupies  nearly  one-half  of  the 
State.  The  coal-measures  arc  divided  into  upi>cr,  middle,  and  lower, 
the  latter  of  which  contains  tbo  productive  iteams,  two  in  niiinlKr. 
They  are  of  irregular  thir-kness.  sometimes  reaching  5  ft.  An  average 
of  64  analyses  made  by  the  .State  geologist  gives:  Moisture,  8.57;  Vol- 
4iti I e  matter,  39.24;  Fixed  carbon,  45.42;  Ash,  6.77. 

Four  analyses  by  Forsyth,  giten  below,  show  a  wide  range  of 
quality : 

TAl>ttL.  VoUlllrM«ltef. 

LxMMlltr.  Wawr.  v«i,,r        T\l*A  Carbon.  Anh.  I»t  wm  at 

Clii»alm «.  18  40.4S  88.08  10.83  .W.S 

Fl»itl.-r-s 9.48  40.18  87.69  12.81  ril.e 

lliieiiian 4.99  85  37  25.S7  frI.S?  S8.0 

Keb 9.81  87.49  44.73  7.93  45  6 

The  coa!  from  Hitcman  appears  to  be  a  cannel-coal  very  high  in 
ash. 

Btissoori. — The  coal -measures  are  contained  chiefly  in  the  northern 
and  western  portions  of  the  State.  An  arm  of  this  territory,  however, 
follows  the  course  of  the  Mis.-sonri  River  eastward  for  a  short  distance 
in  the  central  part  of  the  State,  and  some  coal  is  also  found  in  the 
vicinity  of  St.  Louis.  The  toUd  urea  included  is  estimated  at  about 
26,000  square  miles,  distributed  over  fifty-seven  counties  in  whole  or 
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in  part.  All  oC  tlie  coals  are  of  tbe  bUiiminous  variety,  with  the  ex- 
ception of  some  limited  deposits  which  Approiioh  cannel-coal  in  clmr- 
acter.  The  bituminous  coals  have,  us  u  rule,  a  high  pcrccutage  of  aah 
compared  with  the  best  coals  of  this  character.  Tliey  are  compara- 
tiTely  soft,  and  deteriorate  by  uxposua*  or  much  handling.  They  also 
usually  carry  considerable  sulphur  in  the  Torni  of  ]iyrite. 

There  are  16  seams  in  tliree  nieaeures,  of  wiiich  seven  are  of  work- 
able thickness.     Analyses,  by  C.  ii.  Brodhead.  are  as  follows: 

ANALVBEK  or    UIHSOURl  COALS. 

Kay lO.M  it8.&S  45.4i>          6.U0        3.41 

Petii8 ^Vi  S8.10  4A.-iO  lfi.8d        4.41 

t«t.  [»ais 96S  88.2tt  43.9»          9.}ti 

Heiirv 0.14  87.91  46.82  10.ia 

U  Fayette 6.86  WMH  47.W)          «.5« 

Jol.nson 720  43.27  4«  05          8.49 

LiDcolo 8.50  SU.OU  iHAn          0.&5        3.08 

Cnrroll 287  Sfi  36  47.R3  12  S4 

Saliiic 6.C3  40.JJ3  4.'.U0  11. ■'W 

Liviuirston 6.38  42.27  44.it8          7.37 

NotUwny 8.5S  4S.72  4U  71  13  04 

C»ll»way 7.43  88.90  ^-VBft          7.S3 

AnJRiir 8.M  84.75  4d.S8  lU-O-t 

Cmw 7.80  38.a0  65.75         S.:;5 

ClutrttOD 6.63  S8.01  .^)4  53          1.G4 

Uunn 12.05  40.7fi  43.50          3.70 

Kansas.— The  Kansas  coal-measures  form  a  part  of  iho  great 
Wealeru  field  which  pjtasea  tlirough  the  eastern  half  of  the  Stale  from 
Iowa  anil  )ri.-i4onri  into  the  Indian  Territory,  with  an  outlying  urea  of 
cretaceous  lignite  to  the  west  and  in  the  northern  cemnd  part  of  the 
Slate.  The  main  portion  of  the  Geld  occupies,  upproximalelyr  ouo- 
fonrth  the  area  of  the  Stat«. 

The  coal-measures  consist  of  throe  kinds  of  rock  foi-mations — 
Bandstones,  limestones,  and  shales.  In  theee  are  inclosed  the  beds  of 
coal,  which  do  not  ocTUpy  anywhere  more  than  one-twentieth  of  the 
tliickDCSS  assigned  to  the  coal-measnros.  and  over  large  parts  of  the 
area  there  is  no  coal  at  all.  A  few  square  miles,  wttli  one  bed  of  coal 
30  inchei  thick,  would  be  a  rich  district,  and  there  are  several  such 
districts  in  ca«teni  Kansas.  The  b<jttoin  of  the  lower  coal-measures  is 
til';  richest  horizou  of  the  forntations.  It  id  in  this  horizon,  not  far 
from  tlie  Spring  Kivcr  boundary,  that  we  have  Uie  Weir  City  and 
Scammon  coal-field,  of  Cherokee  County,  and  the  neighboring  coal- 
fields of  Frontenac  and  Pittsburg,  in  Crawfonl  County.  The  thickest 
and  best  aeam  of  coal  in  Kansas  is  the  Cherokee  bed,  found  in  Chero- 
keO)  Crawford  and  lisbette  counties.    It    extends  from  tlie  Indian 
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Territory,  entering  the  Stnte  near  Cbetopa,  and  runs  across  the  sontb- 
eoBt  purt  of  Labotto  County,  the  west  aiul  iiorthweMt  \mt\s  of  Cherokee, 
and  southeiwi  |mrt  of  Crawfonl.  ami  enters  Missouri.  A  few  miles 
north  of  Columbus  the  coiil-iiiiuiLig  re<;iou  begiua,  and  we  bavo  a 
series  of  mJuiug  towna — Scjiriimon,  Weir  City,  Cherokee,  Fleming, 
Frontemu:,  Pitlsburg,  Arcjuliii,  Mindeu — aronnd  which  tiie  coal  scnm, 
whose  aTemgo  thickness  is  over  40  inclies,  is  worked. 

Arkansas. — The  coal-measures  cover  au  area  of  9043  gquare  miles 
along  the  course  of  the  Arkansas  River  in  the  western  part  of  the 
Stale.  I'wo  Ijeils  have  been  opened,  but  only  the  lower  is  of  workable 
thickness.  The  best  coal  yet  foniid  in  the  State  is  the  Spadra,  in 
Johnson  County,  3^  feet  tliick  in  some  placee.  The  following  aualy- 
aos  are  given  by  Macfariane: 

MoteUK.     Tokritf-  >Iatt«r.    Fixed  ORrbon.         Ash. 

SebofltliDCo 1.40  1335  63.25  4.00 

Long'* 3.80  10.70  84.10  1.40 

Yell  Co 8U0  11.40  80.40  5.30 

JohMonCo.  (Uln.)....  2.00  7.T5  88.7fl  1.80 

C'nwfnnl  Co.  (1  ft.]  ...  1.00  15.30  SO.IilU  8.00 

8pK<lrii  Cr«i^k i)M  7.00  65.60  6.00 

The  annlyseti  show  these  ooals  to  range  frotn  Benii-anthracite  to 

Bemi-bituutinuufi. 

Tlie  following  analyses  and  descriptions  of  Arkansas  coals,  made  in 
the  geological  survey  of  the  Slate  by  Dr.  K.  N.  Bnickott  and  Mr.  J.  P. 
Smith,  were  published  in  "Mineral  Hcsource^"  for  18S8: 


Nwnw  of  MiiiM. 


lUckett  Citj  shKft... 

IlanUniiftan  Hlopa  . . . 

Urvetiwuurl  !*bnft 

OwyiiQ  drift 

M's^ttirn  C'>bI  and 
Mining;  Crtinpany 
p.-tiv  »l"i"' 

PLilr>ott  sltaft 

Fr-lkiT  wlnpe 

Ouitft  slope 

Eurt'kitflhRrt 

Coal  HilUliAft 

Allistfr  Hlope 

Sbirtn  slope... 


OouiltleM. 


ClivmlCBrl  Cdiu|XMltiua. 


S«lni8ti«li 
do 
do 
do 


Jolmnoo 
Franklin 

Jolineoii 
do 

•io 
Pnpe 


Wftlcr. 


0.8A 
0.98 

0.83 
0.U9 


1.78 
0.87 
1.13 
0V»8 
1.10 
1.03 
1.18 
l.OQ 


Vol. 
Hjilro- 
Cftrbon. 


14.93 
15.  &S 
14.87 

14.08 


13.83 
14.13 

l:i.*-M 
Vi.'H) 

n.iw 

tO.«4 

10  48 

8.41 


FixPd 
Cnrbop. 


78.8; 
77.54 
7S.8U 
77.0» 


78  33 

81.38 
76.82 
73  84 
79.13 
7«.49 
75.43 


Aab. 


S.04 
4.85 
5.97 
6.25 


7.05 
».09 
».d3 
8.17 

12.04 
8.»5 
8.82 

11.75 


Sulplinr. 


i.i^a 

1.14 
S.S2 
I. .11 


l.(t3 

o.gg 

].!« 

1  ^ 
2.75 
8.67 
8.58 
8.35 
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The  above  cohU  are  mostly  seiui-bicnmLnous.  To  the  eye  tliey  all 
present  more  or  Icscj  the  ii.]i[K>a ranee  of  KofL  biiuminoua  coiil  wiili  a 
cuboidal  fracture.  There  seems  to  be  no  approach  in  any  to  the  hard, 
compact,  gliuteuiiig  uuthmcite,  with  thu  sonti-couchoidal  fracture. 
But  despite  these  facts  of  proxiniute  com]Kvtitioii  there  ure  several 
cottlfi  of  this  list  which  from  their  mode  of  burning  deserve  to  be 
clussed  as  ecmi-anth  1*001  tes.  These  arc  the  coals  from  the  Onita,  the 
Enreka,  and  the  Shinii  npeuingg.  The  remaining  coals  are  all  ol  the 
natnro  of  aeini-hiliiminous  coals. 

Arkaiisae  coals  are  nil  nioix'  or  Icsfi  soft  aud  friable,  and  cot  well 
adapted  to  luug  t  mn  spur  tat  iun.  This  characteristic  is  variul>lc  ia 
differentopeuings.  They  all  burn  freely  and  make  little  smoke  or  soot. 
For  reaching  the  best  results,  however,  a  grate  with  small  opeiiiiiga  is 
neceusimry.  aa  lliese  coals  are  liable  to  decrepitate  and  to  fall  lliroiigh  the 
grai^.  Coal  Ifill  coal  makes  an  intensely  hot  fire,  producing  steam 
rapidly  ;  but  it  clinkurs  and  is  severe  in  its  action  upon  grate-bars. 
It  slacks  a  good  deal  ou  exjKwnre,  and  in  buniing  mnch  fine  coal  ia 
lost  through  ordinary  grate-bars.  Seliastiau  ('ounty  coal  is  easily 
ignited  and  quick-burning,  but  does  not  produce  quite  so  intense  a 
heat  aa  does  the  Coal  Hill  eual  ;  it  dotts  not  elinker,  but  leuvi's  a  loose 
ash.  The  Ouitu  and  Eureka  coals  are  not  considered  good  for  steam- 
ing  pnrposea. 

Indian  Territory. — The  coal-mcaaurc*  cover  13,600  square  miles. 
At  McAlester  there  is  an  exteuHlve  bed  of  bituminous  gus-.and  steam- 
coal,  which  \»  also  worked  at  Savanna)),  10  miles  south,  and  at 
Atoka,  45  miles  south.  11.  M.  Chance  (Trans.  A.  I.  M.  £.,  18!)0) 
says: 

The  Choctaw  coal-field  is  a  direct  westward  extension  of  the 
Arkansas  coal-field,  hut  its  coals  are  not  like  Arkansas  coals,  except 
in  the  country  inimediutety  adjoining  the  Arkansas  line. 

In  the  Mitchell  battln,  about  10  mileii  west  from  the  Arkanttas  line, 
coal  recently  opene<l  shows  19^  volatile  matter;  the  Xlayltcrry  coal, 
about  S  miles  farther  west,  contAins 'i;)^  volatile  matter;  and  the  liryan 
Aline  coal,  al>out  the  same  distance  west,  shows  '^6^  volatile  matter. 
Aliont  30  niilo-j  farther  wost,  the  coal  shows  from  38  to  41^  per  cent 
volatile  matter,  which  is  also  about  the  percentage  in  coals  of  the 
UcAIester  and  lA'high  districts. 


ASALTSBS  Ur  INDIAN  TERKITORT  COALS. 

W*«^-  vit^^  ci?too.  ^  fi^Phnr. 

Mitchell  Basin 1.06  18.08  71.74  7.68  0.«S 

(JndvBftAin 1.79  40.81  51.79  4.8S  1.8S 

McKmti.'T  [listrict 1.71  88  67  61.48  7.14  1.01 

KrebB.  McAleslcr  bod 1.90  87.17  68.40  6.7S  O.M 

LeLiKii  mmiw 4.88  40.51  48  47  8.10  8.80 

Atokn 6.66  85.43  07.59  6  60  8.78 

Omcuw  Nktlon 1.06  28.81  6C.85  8.25  1.18 

Cherokw! 8.68  89.61  48.(»9  14  78  4.0O 

4.07  27.67  42.12  30.20  5.94 

"Mineral  llesourcea " for  ISSDsaysof  thocoaisofthe  McAlestcrbcd 
m'mod  at  MoAlcetcr,  Krebs,  aiicl  AlderBoii,  uiid  the  Grady  bed  mined 
at  Uartfihorup,  "Tlioao  t^ojils  compare  fuvombly  with  the  best  gas- 
coiils  miucd  iu  the  country  (as  comparisou  with  sUtudard  Pittsburg 
coal  will  sliow),  and  they  arc  by  far  the  bttat  coals  uow  mined  in  the 
Sontliwest,  if  not  indeed  the  best  minod  wc«t  of  the  Missiesippi  River. 
They  are  in  every  way  Tiistly  su[X'rior  to  Kansas,  Missouri,  and  Iowa 
coals." 

Texas. — A  detacJied  portion  of  the  great  RMssonri  t!oal-fioId  covers 
the  northeastern  portion  of  the  Sute  for  about  (jOOO  sq.  miles.  The 
coal  is  ft  regular  bitumiuous  of  the  Carbouifcroiis  age.  Some  beds 
are  from  3  ft.  to  (i  ft.  thick.  The  coal  is  nsnally  of  poor  quality,  high 
iu  ash  and  salphur.    Three  analyses  gave  tho  following: 

ItfrfiU'Wr  UolBture.        Vol.  Hat.      F'lxml  Curlxiii.        Axb  8ul|>liMr. 

Tomiifl'o 10.00  IW.75  48  59  ll.flB  0.70 

FortWorlL. 14.42  m.m  4-i.m  13.02  1.47 

"     4.00  84.73  49.27  11.41  1.56 

Cannel-coal  and  semi-anthracite  ave  aUo  been  foniid  in  Texas, 
In  the  Grotacoous  and  Laramie  eoaUBelds  of  the  Uio  Grande,  near  Eagle 
Pass,  bituminous  coal  of  good  quality  is  foniid.  It  is  superior  to  the 
Carboniferous  coals  of  the  Stata,  but  tii  the  eastwanl  the  bods  are 
lignite  and  impure.  Lignites,  mosUy  of  very  poor  qnality,  coutain- 
ing  10  to  30  per  cent  moisture  oven  when  sun-dried,  arc  found  in 
many  deposits  iu  the  eastern  part  of  the  State.  The  San  Tomas, 
Webb  Co.,  coal,  which  has  tlic  appearance  of  being  an  altered  lignite. 
is  a  very  serviceable  fuel,  and  is  largely  used  in  Laredo  and  on  the 
Mexican  Xatioual  Kuilroad. 


COAI,S   WEST  OP  THE   NINETY-SEVENTH    MEKIDIAN. 

Colorado  Coal*. — The  Colonido  coals  are  of  extremely  variable  com- 
poeiliou,  ranging  all  the  way  from  lignite  to  anthracite.  G.  C  Hewitt 
(Trans.  A.  I.  M.  K.,  xvii.  377)  snys:  The  coul-scanis,  where  unchanged 
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by  heat  and  Oexiiro,  carry  a  lignite  containing  from  5  to  20  per  cent 
of  water.  In  the  soutlieaatcru  comer  of  ihu  ticld  the  same  have  been 
metamorphodoil  so  tluit  in  four  niileis  the  same  84>an)8are  un  anthracito, 
cokini;,  and  di-y  coal.  In  the  basin  of  Coal  Creek  the  coals  are 
extremely  fat,  and  produce  a  lianl.  bright,  sonorous  coke.  North  of 
Coal  Basin  half  a  mite  of  development  showa  a  gnulual  change  from  a 
good  coking  coal  with  patches  of  dry  coal  to  u  dry  coal  that  will  bart'ly 
agglutiuate  iu  a  beehive  oven.  lu  another  half  mile  the  same  scam  is 
dry.  Id  this  trausitiuu  area,  a  small  cross-fault  makes  the  coal  fat  for 
twenty  or  more  feet  on  either  side.  The  dry  seams  also  present  wide 
chemical  and  physical  changes  in  short  distances.  A  soft  and  loosely 
bedded  coal  hsis  in  a  hundred  feet  become  comfHict  and  hard  without 
the  intervention  of  a  fault.  A  couple  of  huiidroil  feet  hasreduc^ed  the 
water  of  combiuatioD  from  12  to  o  per  cent. 

ANALTBKS  Of  COLORAIK)  COALB. 

MuJstiitv, 
Stinabloe,  Colo.,  average....  3.H 

NewBwtle,   "  "      1.7 

El  More,       •■  "      ....  1.33 

Cr«at«d  Buuee,  "    ....    1.10 

Lctmx.  UaerfuioOo S.03 

Hoik.        "  " 8.86 

OliiooMi,  Las  AaimRs  Co.. ..  O.'iO 

Victor. i.ae 

Fairmount  v«{ii,  t^  Plata  To.   I.^.*! 
^rler  TfiD, 0.63 

LIONriTBS   AND   LlOXlTir    rO.\LS   OK  THE   WESTERS   STATES. 

Lignito  ia  the  next  stage  above  peat  in  the  formation  of  coal.  It 
Taries  greatly  both  in  appeannuM)  and  iu  chemical  composition.  Its 
color  ranges  from  light  yeJlnw  to  deep  brown  or  black.  The  lignites 
belong  to  a  later  geologic  i>eriod  than  the  Carboniferous.  They 
occur  principally  iu  Cretaceous  and  Tertiary  formations.  The  beds, 
which  are  often  of  great  thickness,  prewnt  the  same  general  chrtnic- 
toristics  as  those  of  the  true  coaU,  Many  instances  occur  in  which 
portion!  of  beds  of  lignite  have  changed  to  bitumiuous  and  even  to 
anthracite.  The  lignites  of  Weatoni  America  resemble  the  *'  browu 
coals  "  of  Europe  in  holding  n  largo  amount  of  water,  the  [>ercentugo 
in  most  of  them  being  from  I'i  to  IS,  though  some  have  as  low  aa  4 
and  others  as  high  as  20  per  cent.  The  percentage  of  a^h  is  nsually 
low,  from  2  to  9  per  ccut^  while  the  sulphur  is  geuerully  beluw  1  |>cr 
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Tt'l.  Mat. 

Find  OrboD. 

Aah. 

Bulfibttr. 

dO.3 

37.1 

■28.8 

37.05 

4U.» 

U.6 

88.28 

O.Vb6 

s.;« 

s&ao 

7180 

3.10 

• .    • . 

41.18 

4G.3S 

lO.M 

1.89 

80.71 

ftl  41 

9.33 

1.87 

S8.M 

04.01 

6.3& 

0.27 

36.40 

0310 

9  24 

i.n 

39.71 

K9a 

e.i4 

34.70 

S7.30 

7.87 

0.74 

STEAM-BOILER  ECONOMY, 


«ent.     The  following  analyses  are  given  by  Dr.  U.  W.  Itaymood  in 
Trans.  A.  1.  M.  ii).,  vol.  ii.,  l«:3: 


c. 

H. 

K. 

0. 

8. 

MolM- 
ure. 

Aah 

6«.73 
MM 

64.99 
6B.U 

&5.T9 
67.fl7 

erst 
m.n 

5.08 

3.»U 
3.7fl 
4.86 
S.3t) 
SvSO 
4.Mi 
7.43 
4.80 

1.01 
I.3fi 
1.98 
1.74 
1.35 
0.42 
O.Bl 
1.68 

10.69 

lU.bU 
lA.SO 

9.54 
21  82 
10.01 
12.  SO 
1».4^ 
14.42 

S.93 
l.iiO 
0.77 
1.07 

i.oij 

0.81 

o.'t;! 

O.S)2 
0.6U 

S.94 

9.41 

9.17 

11.^ 

8.0ft 

13.  as 

16..->3 

8.08 

S.I8 

6.(M 
8.00 
8.40 

1  68 

6.63 

Aluk& 

4.05 

9.2B 

5.77 

S.80 

Wyoming. — In  the  Green  Uiver  conl-btwin  in  southwestern  Wyom- 
ing 250  ft.  of  coal  is  found  in  a  thickness  of  about  3000  ft.  of  oouK 
measures.  The  bcUs  are  uumurous,  ami  uiiiTiy  uf  them  are  of  workable 
tliinkiiess.  Anulyscii  anil  heating  values  uf  rariuus  coals  in  tins  terri- 
tory are  given  in  Chapter  V,  on  the  Ucotlng  Value  of  Coal. 

Hew  Mexico. — The  coals  of  Now  Mo.xico  are  ligiiitic  coals  of  the 
Cretaceous  and  Tertiary  formations,  in  all  the  grades  from  authracito 
io  true  lignite.  They  are  chiefly  used  by  llie  railroads  crossing  the 
Territory, 

AKAI.YKK8. 

W>Mr  Volut|J«  Fixed  .,.  a..wi.™ 

W»wr.  Matu-r.         fWl..>R.  ■*"^  Sulphur. 

Wlilt^Oakfl,  LiocolnCe...       S.Aa  35..^3  50^  11.88  0.61 

Verniejo  Pass. 837  23.73  59.72  13.28      

Flw»r  •ntlincite 3.90  3.1S  B8.91  5.21      

Arizona. — Several  beds  of  lignitic  coal  of  extremely  variable  oom- 
pot^ition  havu  heen  found  in  the  Territory.  IVo  analynes  of  coals 
from  Deer  Creek,  Ariz.,  taken  from  locations  8  miles  apart  arc  given 
below.     The  first  is  a  semi- bitnmi nous  coal;  the  second,  a  lignite: 

I.         n. 

Volatile  Combustible  matter  and  water 14.5        47.6 

Fixed  mrtwa 61.0        44.0 

A»b. 24.6  8.4 

Utah. — The  Groen  Iliver  coal'basln  contains,  according  to  Clarence 
King's  *'OeologicjLl  Exploration  of  the  40th  Parallel,"  "a  practically 
inexhaustible  supply  of  coal."  Ileds  from  7  to  as  feet  thick  aro  dis- 
covereil  at  intervals  over  .5t)0  miles,  and  from  their  oriliiuiry  ^'t-ntle  dip 
juav  be  mined  vith  unusuiU  tNiEe.    Two  analvses  are  as  follon-tt: 


OOAI^FIBIJJS  OF  TUB  VXn'KD  STATES, 

XobRura.      T»l.  MM      f\xtA  Carbon.     Aih.  Sulpbur. 

GutWalt 8.-I3 


Vol.  MM 

F1x<«l  Carbon. 

hA 

4:>.81 

47.S1' 

9.78 

48.M 

48.11' 

9.09 

C'wUrCUy 3.50 

■  liK.*Iutle«iinl|ihar.  xlilcb  fat  T»r}-  lil|{li.    0>lie  froin  ('«(1«r  Utf  UMly<«]  :  WAl«r  Uid  valaUla 
iiMlUir,  I.U:  dud  cartMn,  TK.TO,  uh,  16  61 ;  wil|iliijr,  .VST. 

Hontana. — The  i-ouU  of  MoiiUina  are  all  of  Cretaceous  age.  They 
enibiacf  ji  wide  Tsriety  of  triie  biliiiniiious  coals,  fouTul  only  in  or  near 
the  monntalDs,  anri  the  inferior  lignites  whose  ecams  form  prominent 
parts  of  the  aeries  of  rucks  that  uudertiu  the  Great  PluiuH  country. 
These  lignites  have  been  minetl  at  a  few  loralities,  hnt  their  low  heating 
power  and  rapid  crumbling  unfit  them  for  general  nse,  and  the  bitumi- 
nous coals  have  occujiltid  the  market.  The  lignit^-ii  (liffer  from  tlio 
tme  roala  in  two  tm]>c>rtant  particulars:  they  contain  a  large  amontit  of 
moifltare  And  they  crnmble  \\\m}\\  oxi)osure  soon  aftor  mining.  The 
moisture  makes  them  of  low  heating  power,  and  their  rapid  crumbling 
unlitHthem  fur  tranttjHirtAtionand  iKat^eriunsdetriinentJu  burning.  An 
average  analysis  of  tho  lignites  of  eastern  Monbina  shows:  Water^ 
12-15;  volatile  carbon,  40--15;  lixed  carbon,  ;}0-35;  asb,  6-10. 

The  bituminous  coaU  of  Mouluua  occur  iu  ttmall  isolated  fields 
within  the  mountain  region  and  in  a  great  bell  of  coal  land  that 
extends  along  the  eastern  fruut  of  tlie  liouky  Mountains. 

The  character  of  the  roiils  varies  widely  in  different  seams  and  at 
different  fields.  Long-  and  short-  tiamed,  coking  and  noncoking  coals 
occur  sometimes  in  adjoining  seams  of  the  same  mine.  As  a  whole 
the  coals  contain  a  high  jierr'eiitagc  of  ash,  and  would  not  rank  high  In 
more  favored  loojditios.  8<>me  of  the  coals,  however,  areaapareas  the 
best  of  Wyoming  or  Colorado  fuels. 

Horth  Dakota. — Tl:e  eoul  of  North  Dakota  is  a  lignite  of  inferior 
quality  and  does  not  compare  favorably  witli  that  brought  from  other 
]ocaliti<^.     (••Mineral  Itesources."  18!il.) 

Kevada. — A  bed  of  coal.  5  to  ti  feet  tliick,  20  miles  east  of  Kureks, 
is  mine<l  for  local  consumption. 

California. — The  Mt.  Diablo  coal-field  contains  several  beds,  which 
vary  greatly  in  thickness.  Tho  coal  u  of  rather  inferior  quality.  Coal 
has  been  found  in  many  portions  of  the  State,  but  the  beds  are  mostly 
smidl  in  c-itent  and  the  quality  poor.  Nearly  all  of  the  <-oal  of  Call- 
foniiu  is  lignite,  that  froui  Monterey  County  alone  being  chissod  as 
bituminous.  San  KrancitK^o  is  dependent  for  its  coal  sup]ily  chiefly  on 
coals  brought  by  water  from  other  States  and  from  foreign  countries. 
An  analysis  of  Mt.  Diablo  coal  ia  aa  follows: 


■ 
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Moi0tar« 14.09 

VuUtilc  umtler SS.89 

Fixed  carlwa 40.84 

Asli.  4.58 

Orfl^n. — The  developments  are  confinei)  to  the  coal-hasin  in 
Coos  County,  though  other  lignite  diBcoveries  have  been  reporteJ. 
The  field  cov^re  suverul  hundred  square  milts  of  territory,  stretuhing 
from  the  coast  15  or  20  milea  inland.  The  coala  are  true  lignites,  very 
high  in  water  and  volatile  matter.  Cojil  is  loaded  direct  from  the 
mines  at  Marshfit-U  to  Pacific  Ocean  steamers  and  sold  priiiciimlly  in 
Son  PranciscQ. 

Moisture.  VuL  Uat.  Flxrd  Cttrboa.  Aab.  Sulphur. 

CcKwBay 15.45  4105           34.95  B.05  3.53 

*       17.87  44. 15            83.40  6.18  1.37 

TiwiuInaBay 18.U3  46.20           82.90  7.10  1.07 

John  Day  Blver 4,55            40.00            4)^.19  7.38  .80 

"            ••     8  54            34  45            52.41  5  85  .65 

Washington. — The  doveloped  coal-fields  lie  chiefly  in  a  compai-fl- 
tivL'ly  narrow  belt,  running  nearly  due  iiorlh  and  south,  through  the 
veKtem  ]>ortious  of  Whatcotii,  Skagit,  Knoiioniish  and  King  counties 
into  Pierce  and  Thurston  couuties.  Some  distance  to  the  cast  of  the 
BOiitlieni  end  of  ihi^  belt,  in  Kittitas  County,  extenaivo  opprations  have 
been  carrieil  on  for  a  number  of  years.  The  main  bfit  extends  along 
the  Cascade  Uangc,  and  important  mines  have  been  opened  on  both 
the  easloni  and  wcBtern  BJopf*!  of  the  rarigi;.  Coal  is  found  also  in 
other  localities,  noUbly  \n  LintMln.  Spokane,  Ciwcade,  and  Okanogan 
counties.  The  coals  of  the  StJile  embrace  lignite.  Bemi-bituminons, 
and  biluiuiuous.  The  totid  area  of  the  ctial  dt^poslts  nf  Wjwbingtoii 
hari  not  been  {leti'rniiucd,  hut  there  is  no  dnuht  tliat  alinngt  inexhaust- 
ible supplies  are  at  hand,  not  only  for  the  future  demand  of  its  popu- 
lation, but  rfufiicieut  to  furuidh  a  l>asia  for  profitable  traffic  for  trans- 
portation to  the  entire  I'acitic  Coast.      ("Mineral  Re^oun^ej?,"  lH!t4^,) 

The  Rcllingham  Hay  noa1-l>ed  is  14  ft.  thick,  one-half  of  which  is 
mined,  the  lower  half  l»oiug  of  no  value.  At  Itentou  two  beds  aro 
workei],  the  upper  17  ft.  thick,  yielding  10  ft.  of  good  cnal,  and  tho 
lower  11  ft.  thick,  with  8  ft.  of  good  coal.  The  Seattle  mine,  10 
milee  sontbeast  of  Seattle,  has  two  workable  beds,  5  ft.  and  8  ft.,  of 
good  coai. 

l>wallUe«.  MbMurv.        To).  MmL     Ffxfi)  O^rlxm.       Aab.  Biilpliur. 

BetliQjtUtu  Bay 9.89  33  28  4.'>.S0  13.68 

SeulllB 11.06  45.98  aV4»  6.44  0.48 


COAL-FIELDS  OF  THB  VNIIBD  8TATSS. 
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Alaska, — The  coal-fields  of  Cook  Inlet  are  described  in  the  I7th 
and  -■Wlh  Aunuul  Ke|>ort3  of  the  U.  S.  Geological  Survey.  The  coal 
ia  a  low-grade  lignite.  In  appearance  it  is  often  hanlly  more  tb:m  a 
compressed  muss  of  citrboiiizcd  wood.  Tbo  compoaitiou  is  quite  vari- 
able, aashovD  by  tlie  following  umilygcs: 


r_ii>-  M  i  .„—  Volatile  V\xtA 

Wood-ooKl.4  miicv  VC.  of  Tyonek.      5.41  «d.  13  37.(10 

6  miles  W-  oX  Tyuni-k 9,4-1  48,75  8;1.68 

Bnulley  (^Aiii.  K&chAiTiftlc  Dajr...     12.fM  4:1.06  37.14 


1  86        0.36 

8.2&        0.49 
6.86        0.49 


Curt  is  neniii, 


11.67        SL\37        ai.Ui         14.95        0.46 


I 


Two  fields  on  the  southeaatern  coast,  the  npper  on  the  shores  of 
Controller  liay,  and  the  lower  reaching  -10  miles  wcstwurd  from  ley 
Bay,  have  been  iurcstigutcd  and  ccml  bus  been  found  in  seams  from  10 
to  a?  ft.  thick.  The  cotil  haii  a  bright,  black  lustre  iind  conchoidal 
frartnre,  and  lias  all  the  cbarncteristics  of  semi-antlinicite  except  hard- 
ness and  specific  gravity.  Two  analyses  are  given  from  samples  taken 
from  outcrojM  at  opjKJsito  ends  of  tho  upper  coal-field,  showing  great 
uniformity. 


JohniOD's  Tests  of  American  Coals. — The  aariea  of  tosts  of  Amer- 
ican coixh  m;«U'  by  Prof.  Waller  R.  Joliuson  for  the  Ciiited  Statei 
Navy  Dftpartment  in  1843  ami  1643,  the  roport;  of  which  w.is  pub- 
lished in  t\  govornraetit  documentooveriug  600  pa|;cs,  is  often  referred 
to  by  writers  on  the  subject  of  coal.  The  mithor  miide  u.  careful 
8ttidy  of  Prof.  Johnson's  report, and  piiblialiml  his  cancluBions  concern- 
ing ir,  and  also  c-oiiceniing  the  tests  of  Sclieurer-Kc-sinor  and  Meu- 
uier-DoIli'iis  iu  1868,  in  a  series  of  articles  entitled  *'  Critical  Review 
of  Efficiency  Tests  of  Coals  "  In  77j?  Enginepring  and  Miuivg  Jountal 
in  October,  1391.  It  was  shown  in  tbii^  review  that  Johnson's  resulla 
are  of  little  use  in  det«rniining  the  relative  rulno  of  Am4>rican  coals 
when  burned  under  the  conditions  of  modern  practice.  The  Iwilor 
used  by  Julmson  was  of  the  two-Hue  typo,  set  only  9  to  10  inches  from 
the  grate-bars,  the  furnace  being  entirely  unsuited  for  bitnminons 
coal.  Some  of  the  anthracites  were  burned  with  an  exe^Mire  air-snp- 
]dy,  causing  them  to  give  resultfi  much  below  those  that  may  be  ob- 
tained under  fiivoniblc  couditioii^.  The  table  on  the  next  page  is  a 
condensed  summary  of  the  ovaporatire  resnlts  obtained  from  the  several 
cojils,  as  deterrniiied  by  the  boiler-testa. 

Schearer'Kestner'i  Tests  of  European  Coals. — A  )(f>riefi  of  test^  of 
Etinipean  coals  was  made  by  .Sehourer-Kestner  and  Meunier-DoUfus 
in  18G8,  and  the  results  were  reported  in  the  Bulletin  ile  la  SociiU 
Induitrielk  <k  Mtdhout^e.  An  excellent  study  of  these  tests,  with 
others,  is  that  by  Sf.  L.  Gniner  in  his  papers  on  "The  f'liissification 
mid  Heating  Power  of  Coals,"  translated  from  the  Frenrh  by  R.  P. 
UothwcU,  and  published  in  the  Enyineering  and  Mining  Jvurnal,  July 
18th.  1874.  9t  $eq. 

Gruuer  divides  the  biluminous  coals  into  five  classes  as  follows: 

1.  Dry  or  semi-bituminous  anthrocitic  coals. 


TSSTS  OF  TUK  HEATING    VALUE  OF  CO  A  1.8. 

RESULTS  OF  JOHNSON'S  TESTS  CORHECTED  AND  COMPARED  BY 
PElt  CENT  OF  FIXED  CARBON  TO  TOTAL  COMBUSTiBLE. 
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Kaaby  ft  Smitb't,  Md 
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8.38 
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0.03 
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*  A  calorie  !•  tb»  amouut  o(  heat  r«cpilr«d  to  rate  1  kllogniDi  of  waier  !■  oMiiiirrMilH  a 
B.M8  B.T.  U.  When  imwt  aa  n  measuri!  nf  thn  beatlBK  raliir  rf  a  fuel  It  l«  ihfl  ntunbi^rof  uniU 
or  wflfcM  of  water  whlcti  mav  be  l>eBt«<l  1*  C  bj  the  conibiution  of  I  uDit  uf  nejffbt  of  Ibr 
(iwi.  Tht>  nnit  of  wclcbt  in*)'  i>p  «'ltli(>r  a  Rram,  a  kDognun  or  a  poauil.  Wb«n  tbua  oud  A 
tiaLorle  la  equlrateit  to  1.6  hitMb  tbermal  oaita. 
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2.  Sliort-Jluniing,  cakiog,  or  cokiug-ooals. 

3.  True  cokiug-coaU,  or  smltlia^  coala. 

4.  Loiig-fiHtnii)g.  ciikiug.  or  goS'Coals. 

5.  Loiig-tlaining,  dry  coals. 

The  rouge  of  chemicul  analvsis,  theoretical  heating  power,  bnd 
Talne  for  sCenni  making  of  Kuropcuu  coals  aa  det«rmiueU  l>y  boiler 
tests  is  shown  in  the  table  on  the  following  jtage,  in  which  are  arranged 
a  number  of  results  of  te8tAani]unaly;>e6  taken  bjQrnnor  from  Scheuror- 
Keatner'a  reports.  The  totnl  heating  power  (iu  calories)  is  that  found 
by  tcatd  witli  Favre  and  Silbermann's  calorimeter,  and  it  is  notal-ly 
higlier  tlian  the  theoretical  power  obtained  by  Dnlong'a  formula,  exo^pt 
in  the  case  uf  the  highly  bitumiuoue  Ijgniie  from  Bohemia,  vbicb  is 
said  to  resemble  a  petroleum. 

The  next  to  the  last  colunm  in  the  table  gives  the  range  of  tb:  in- 
dustrial boating  power,  or  steaming  jwwer,  In  calories,  of  the  soivnj 
chu!>es  of  (iruuer,  as  deteniiiiie<l  by  Imiler  tests,  and  the  laBt  ctliimn 
the  per  cent  of  this  so-called  induBtrial  boating  power  to  the  total 
heating  power  as  detcrniiued  by  calorimetei-s.  From  this  coin  on  it 
appeal's  tliat  the  yboi-t-flaming,  caking,  or  coking  coala  containing  on 
an  ft\"erage  about  78  parts  of  fixed  carbon  in  UK)  of  totd  combustible, 
have  a  higher  ratio  of  indtistriul  to  total  heating  jmwer  than  tho 
authnioite  coals,  and  a  much  higher  ratio  (as  65  to  55)  than  tiie  long- 
flamtng,  dry  coals,  averaging  55  parts  of  fixed  carbon  in  100  of  total 
combustible. 

The  results  in  this  table  are  figured  npon  pure  and  dry  coal,  that 
is,  ilie  ash  and  moisture  have  been  deducted  and  tho  calculation  made 
on  the  basis  of  the  ralio  whicli  the  fixed  carbon  bears  to  the  total  of 
fixed  carbon  and  volatile  conibugtiblo  alone.  This  is  a  more  scieutitio 
method  than  that  which  includes  the  moisture  and  ash,  which  may  be 
called  accidenljil  impurities,  and  lea^lu  to  Icsh  confu^iou  and  tu  more 
correct  conclusions  concerning  tho  influence  of  the  rolatilu  combnati- 
ble  upon  the  heating  power. 

The  principal  reanlts  shown  in  the  tables  of  Johnson^s  and  Schea- 
rer-Kostner's  tetiU  are  plottetl  in  tlie  diagram  on  page  68,  showing 
&  comparison  of  tho  ctUorimetric  and  theoretical  heating  power  and 
the  industrial  or  ateaming  power  of  the  coals  tested  by  Scheurer-Kest- 
ner,  and  of  the  average  of  (Irunor's  five  classes,  with  the  rcsullji  of 
Johnson's  tests.  The  upper  line  of  the  diagram  shows  the  total  heating 
power  of  the  coals  tested  by  Scheurer-Kestuer,  arranged  from  left  to 
right  in  the  order  of  their  percentages  of  fixed  carbon  to  total  com- 
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*Tbe  oltrogOQ  nraljr  exceeds  I  per  cent. 

bnstible.  Tbe  five  uumbered  stars  in  tbe  line  shov  the  position  of 
the  averages  of  Gniner's  dasses.  The  next  lower  heavy  line  in  tliQ 
diagram  shows  the  theoretical  beating  value,  according  to  Dulong's  law, 
of  the  coala  tested  by  Schenrer-KeBtuer.  This  value  is  less  than  the 
total  value  in  every  case  except  that  of  the  bituminous  lignite.  Tlie 
apparent  irregnlarities  in  tbia  line  as  compared  with  the  line  represent- 
ing the  total  heating  value  will  be  referred  to  hereafter.  For  com- 
parison with  these  two  lines  tbero  has  also  been  inserted  the  curve 
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plotted  from  the  more  recent  results  of  Maliler,  which  are  hereafter 
diflcaaBod. 

JohuBon's  tests,  m  shown  in  the  tliagmm,  group  tliemHolres  into 
three  di&tinct  claBBOB.     They  are  numbered  from  1  to  32,  in  the  order 
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Find  Carton,  fV-ccm  oT  Total  urCortananlMUaineCMnbwfDUeMaiier. 


FlQ.  S.— COMrARlSON    OF    CUORIMRTKIC    aXD   TlIBORmC&L  UKATIKO   PoWSB 
kXn    iMDUeTKIAL    OR    STKlMINa    PoWER    UP    FoRCiaX    A3CD    AMKUCAV 

OuiA    (ORtmBR,  ScnKumsB-KBanrBR,  aso  Jouxsox.) 

of  their  steaming  value.  The  extreme  irregiilAritr  of  tlieM  tttts  ia 
dttrij  ehovu  by  the  po>&ition  of  the  Dumber?.  The  fire  Aort  indined 
liiiH  iikplwled  amoiig  JohxiMii*f  groaps  represent  the  range  of  the  in- 
dastrial  nine  of  Gniiier*s  fire  cUsses.  They  $bow  m  cIom  la  agree- 
ment u  can  be  expectad  vith  the  resnlts  of  Johnson,  and  indicate 
that  the  efficieo"*  -toal  trial  opon  which  Qmner'a 
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dhova  in  Johnson's  tests.  This  efficiency,  as  shown  in  the  lust  ool- 
uiiin  of  tlie  table  on  page  85,  ranged  from  65  down  to  55  per  cent  of 
the  total  heating  value. 

lu  the  author's  paper  in  The  Eugineeriug  and  Mining  JournaU 
October  31,  1891,  the  following  remarlu  were  made  on  Scheurer-KesC- 
nor'fl  teata : 

"  In  order  to  find  a  reuEon  why  the  theoretical  heating  power  of  the 
coals  t«8t«d  by  Scheurcr-Kctiluer  i»  leas  than  the  actual  heating  power 
as  determiued  by  a  culorimoter,  wu  liave  recourse  to  thn  translation  of 
Gruuer's  paper  before  referred  to,  from  which  the  following  extracts 
are  taken: 
*'  Dulong  proposed  the  formula 


P  =  8080C  -f  34,462  (ir  -  ?], 


where  P  —  heating  power,  C  =  weight  of  carbon.  0  =  weight  of  oxy- 
gen, H  =  free  hydrogen.  i.o.»  total  hydrogen  less  that  already  burnt 
to  water  by  the  oxygen  which  the  coal  contains. 

**  In  this  formulix  the  influence  of  molecular  constitution  iu  the  ca> 
loricity  of  bodice  was  igi>ored,  as  it  was  not  known  that  the  heat  of 
cooibnstiou  of  a  body,  simple  or  compound,  is  in  general  greater  in 
proportion  as  the  molecular  coustitutiou  is  ]i:^  advanced. 

•'It  IB  now  estublishe^I  by  the  labors  of  Favre,  8ilburniann,  Uegnaalt, 
Berthelot,  and  others,  that  the  heat  of  combustion,  like  sjieciGc  heat, 
varies  wiUi  the  density. 

C«lorto». 

Carbon  from  cbirooal  develops... 8bB0 

Cftrbon  of  i^u-retoru,  which  Is  mon  deass 8047 

Nttural  ^TBpliiu* 7707 

The  dUmoud  0UI7 7770 

'•It  follows  from  this  that  lo  apply  Dulong's  formula  to  coals  we 
sbonld  substitute  for  the  calorific  power  of  hydrogen  in  a  gaseous  «tato 
that  of  hydrogen  in  a  solid  state,  and  instead  of  80B0,  which  represents 
the  heat  of  conibusLion  of  carbon  having  a  density  greater  than  3,  we 
shonhl  put  a  greater  number,  corresponding  to  the  leas  condensed  state 
of  the  carbon  in  coals. 

"  Favre  and  Silbermann  dotermiuwl  as  long  ago  as  1852  the  heat  of 
combustion  of  tlie  following  isometric  hydrocarbons,  represented  by 
the  formula  C^nHsn : 


I 


01efiut>;ui,  04U«...   ll.STiS 
Amr)t!Q«.  C,«U......  11.401 

Paniiny1«uc,  Ci.Hi,..  11.303 


«    .  «  CtiortM. 

Cu-hure.  C.H*. ll.MS 

Celene.  C„H.,    11,118 

Mctanyleoe,  CiaU.,..  10,0S8 


"From  these  last  fire  numbers  corresponding  to  liquid  hydrocarbon, 
MM.  Favre  and  Silbermann  concluded  that  with  each  addition  of  C,H, 


tii6  hut  of  combDition  diminishes  37.48  c&loriea  per  unit  of  weight  of 
the  oojupouad.  The  BOine  diniinntioD  of  calorific  power  is  fouud  ia 
the  teriuuy  compounds.  All  beat  set  free  in  the  act  of  condeuBation 
ia  toit  beyond  recovery  by  the  act  of  combustion.  Now,  coals  are 
ternary  compounds  condonsed  to  vurious  degrees,  and  this  is  why 
a  limplo  oluiuontury  aDulyaie,  which  determines  uotliing  as  to  tlie 
mode  of  conibitiutioii,  can  tcuch  us  uothing  as  to  thoir  calorific  power, 
and  themforo  docs  not  indicjito  their  industrial  vnluo- 

**  I'rof.  .Stvin,  of  Orcsden,  goes  still  further  and  asserts  that  *au 
elementary  analysis  teaoheit  us  nothing  about  the  actual  properties  of 
coal.'  This  uaortion  appeam  too  general;  it  is  also  in  o])po8ition  to 
tho  oonsoientiotts  work  of  Uogmuilt,  who  concluded  from  his  analyses 
'that  tho  elenioritttry  corapoaition  of  ccmla  of  the  carboniferous  forma- 
tion and  of  the  sume  qualitv  varies  only  within  very  narrow  limits.' 

•'  M.lirunnroxplainB  thedifTeronco  between  tho  conclusions  of  these 
two  t'homisls  liy  the  very  groat  difTorence  in  the  oharaoter  of  the  coals 
tosteii  by  i«ch;  wo  cjuinot,  therefora,  lie  says,  'generalize  Oie  conclu- 
aions  of  Prof.  Stein,  and  tlioy  should  not  be  considered  an  applying  to 
ihu  ooitts  of  othor  QoUU,  nor  on  the  other  hand  could  we  admit  without 
roalrictious  tho  op[M>6ilo  conclusions  of  AI.  Hegnault.' 

"The  ohuuenlary  composition  of  coals  does  not  always  agree  with 
thoir  Otttonlial  proporties,  i.o.,  with  thoir  caking  and  healiiig  powera. 
Thiii  ditiHgreenient  shows  itself  in  a  very  striking  manner  in  tho  direct 
dutorniinatiuik  of  tho  heating  [>ower  of  certain  coats,  as  made  by  MM. 
Schouit'r-Keslni'r  and  Ch.  Munuior,  These  i  uvea  ligations  agree  also 
with  ihu  gimerul  ii'sulUi  obtained  in  industrial  tests  niuile  by  Dr.  Urix 
in  Iterlin,  and  by  tlio  Fi-ench  and  English  navies.  From  a  study  of 
these  roiultn  M.  i.«rtmor  concludes  that  'the  real  value  of  a  coal  may 
bo  btUtor  doiomiinod  by  a  proximate  than  by  an  elementary  anajyada.' 

**  The  proximate  analysis,  which  consists  in  distilling  coal  in  a  retort 
and  burning  the  residue,  enables  us  to  determine  directly  tho  caking 
power  tui  wt'lt  as  tho  nature  and  amount  of  ash.  It  is  also  easy  to  show, 
oi|KKMally  by  Schi>un>r-K(<:«tuer  and  Mcunier's  work,  that  the  beating 

Swer  iner«»*e«  and  di'<*rt»asM  with  the  projiortion  of  fixed  carbon  left 
tho  distillation.  Thiit  ia  true  at  least  for  bituminous  coals,  but  not 
vayt  for  anthnteitos  and  lignittM. 
"  Comiwriug  the  dilTerent  numbers  in  Scheur«r-Keatner*8  tests,  aayi 
Gninor,  w«  {lerveive  that  serend  coals  almost  identical  in  composition 
havfl  very  diffurrnt  heating  [Xiwer;  the  heat  of  combustion  iiii  rnsma 
and  deoroaooa  with  tiie  pro^toriions  of  coke,  and  seems  to  depend  mp^ 
eiaUj  on  tb«  volaiile  olemeuts." 

OnUMotUig  DO  these  obsrrraiions  of  Gnuwr,  the  author  aaid  ia 
Jt^  imd  mmimf  Jnmtf/,  Oct.  31.  1891 : 

'*  GreMT  abowv  that  the  Um  the  density  of  any  form  of  cmrixm.  th« 
gPMtar  ii  its  h<«tiDg  powo-  T'  -■ :  ^  ^xrords  also  show  that  coak 
vwlaiiiing  hydrofeu  mro  -  >wer  than  that  cahroUtcd 

by  th«onr  fror*  v  i.^>iiipotLi'aoa.     U  vottM  aatanJlT  bs 
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inferred,  therefore,  that  the  coals  which  have  the  least  dcDSity,  aud 
which  contain  the  Largest  percentage  of  diBi>03able  hydrogen,  would 
hare  tlte  greatest  beating  power.  Vet,  the  rcveree  of  this  appears  to 
be  true,  60  that  after  the  disposiibb  hydrogeu  reaches  4^6  its  further 
increase  seems  to  be  actually  aocoiiipaiilcd  by  a  decrease  of  heating 
power,  as  determined  by  a  calorimeter,  aud  by  a  still  greater  relative 
decrease,  as  shown  iu  Uie  diuiinution  of  oOiciency,  from  60^  to  &5^, 
in  tlie  industrial  or  slcamiug  power. 

•'  It  is  difficult  to  explain  the  anomaly,  except  upon  the  hypothoeifl 
that  the  calorimetric  dotermi nations  of  the  more  volatile  coals  were  in- 
accurate. This  is  quite  possible,  for  Scheurer-Kestner  and  Meunier 
claim  to  have  improved  Favro  and  Silberniann's  calorimeter  so  as  to 
render  the  con)bu8lion  of  carbon  more  j)erfect.  May  it  not  be  possible 
thai  thoy  did  not  so  far  improve  it  as  to  insure  the  combustion  of  all 
the  hydrngon  in  the  coalsJ'  We  know  that  there  is  great  diflinulty  in 
making  a  rompleto  combustion  of  tho  volatile  matter  of  a  highly 
bituminous  coal  in  a  boiler  test,  as  was  shown  in  Johnson's  tests,  in 
which  dense  volumes  of  smoke  escraped  from  the  chimueyaud  the  tluea 
were  coated  with  sout,  and  as  also  is  shuwn  in  evory-day  practice  wJlU 
•oft  coul.  Is  it  not  higlily  prubable  that  the  same  difticuUy  exists  in 
•ome  degree  in  making  cuinpletu  combustion  of  these  coals  in  a  culori- 
mctur?  This  dilliciiUy  is  furtlier  indicated  by  the  consideraldo  differ- 
ence which  exists  iu  the  result  of  the  cubrinietric  determiiiutious  of 
the  elemi'Dts  as  ]>nblitdif;d  I)y  tlifTereut  physicists,  such  as  Andrews, 
Fuvre  and  Silbenuaun,  and  Doprctz. 

"There  is  certainly  room  for  redetermination  of  these  results  by 
modem  ex  peri  in  enters  with  iraprovfd  apparatus. 

''If  such  tests  should  be  uiudt;  in  the  future,  I  would  suggest  the 
following  crucial  test  of  a  calorimeter,  namely,  determine  carefully  ttio 
total  heating  values  of  a  very  pure  anthracite,  low  in  hydrogen,  and  of 
retine<l  pelrotenm.  Then  mix  tho  very  finely  powdered  anthracite  into 
a  paste  with  the  jjetroUnim  in  different  proportions,  and  determine  the 
heating  value  of  the  mixtures.  It  should  be  the  same  as  that  calcu- 
latctl  from  tho  percentage  of  the  two,  and  the  difference,  if  any,  would 
Indicate  tho  imperfection  of  the  calorimeter  for  determining  tho  heat- 
ing power  of  a  fuel,  one  portion  of  which  is  more  volatile  than  the 
other.  It  is  possible  that  considerable  difficulty  woubl  be  met  with  in 
providing  such  conditions  in  a  calorimeter  that  both  portions  of  the 
mixture  could  be  completely  bnnied  at  the  same  time,  aud  this  diffi- 
culty woidd  always  be  met  in  attempting  to  burn  any  highly  bitumi- 
nous coal.'* 

Since  the  above  was  i)ubli8hed  Mahler*9  testa  in  France,  and  Lord 
and  Ilaas's  in  the  TTnited  States,  liave  shown  that  tliere  is  an  exceed- 
ingly close  agreement  between  the  heating  value  determined  "by  a 
bomb  calorimeter  of  the  Berthelot  typo  aud  that  computed  from  the 
ultimate  analysis  by  means  of  the  Dulong  formula.  Scheurer-Kcatner'8 
results  are  therefore  now  discredited,  and  his  attempted  explanation 
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of  why  the  tbeoretioal  heating  power  is  less  than  the  actual  is  of  no 
value. 

Mahler's  Tetti  of  Earopean  Coals.— MM.  Schenrer-Ko^tner  and 
Heiitiier-Dollfus  found  that  the  healing  power  as  determined  bj 
the  Favre  and  Silbermann  colorimeter  was  notably  higher  than  that 
calculated  from  thu  aualyeis  by  tneuuii  of  tbe  Dulong  formula.  More 
recently  nnmeroHs  detemii nations,  by  different  Amoricau  chemists,  of 
the  heating  values  of  various  American  coals,  by  means  of  the  Thomp- 
son wdorimeter  or  its  modifications,  showed,  apparently,  that  the  heat- 
ing values  of  the^e  coals  were  much  less  than  those  calculated  from  the 
aualy:jes.  The  contradictory  rcsulta  of  all  these  researches  must  now 
be  sot  aside  in  view  of  the  work  of  Mahler,  in  France,  published  in 
l«i>3,  supplemented  by  tlio  more  recent  work  of  Lord  and  Haas  in  this 
country  and  by  that  of  Buute  in  Germany,  all  of  whom  agree  in  sliow- 
ing  that  the  calnrimetric  values  and  those  calculated  by  the  Duloug 
formula  from  the  ultimate  analysis  are  nearly  identical,  except  in  the 
case  of  cannc'1-coal,  lignite,  turf,  and  wood,  which  by  Mahler's  tests 
show  a  cnlorimetric  value  ranging  from  2  to  12  per  cent  higher  than 
that  oalcidatcd  from  the  analysis. 

Maliler's  research  waH  made  under  the  auspices  of  the  Society 
d'Encouragemcut  pour  I'lndustrie  Nationale,  with  its  financial  assist- 
ance to  the  extent  of  3000  fniucs,  and  hia  report  is  published  as  a 
pamphlet  extract  from  the  Bulhiin  of  the  Societ6,  of  1892,  occupying 
73  pages  qnarto,  witli  two  large  plates.  It  is  entitletl  "Contribution 
d  TEtude  dea  Combustiblus:  Determination  Industrielle  de  lear  Puis- 
sance Calorittque.     Far  P.  Mahler,  Ingonieur  Civil  dee  Mines,"  etc. 

The  calorimeter  usckI  by  Mahler  was  a  moililied  form  of  the 
*^calorimelric  bomb"  of  MM.  Bcrthelot  and  Vielle,  described  in  the 
AnutUea  de  Phffsique  side  Chimie  in  1881  and  1S85.  The  bomb, 
with  its  auxiliary  apparatus,  is  shown  in  the  cut,  Fig.  6  on,  page  95. 
It  is  described  in  detail  in  the  report,  and  the  description  of  a  similar 
bomb,  used  by  Professors  SloL>»on  and  Colbuni  in  their  investigations 
of  Wyoming  coals,  with  Uie  method  of  operating  it,  is  given  below. 

Mahler's  results  are  shown  in  condensed  form  in  the  table  on  the 
opposite  page. 

Mahler's  formula  gives  the  s.ime  result  as  bis  modification  of 
Dulonfr's  when  0  -}-  N  =  3.29  ;*,  and  higher  results  when  0  -|-  N  ii 
greater  than  3.29  5<,  but  the  difTcrenoe  is  small,  less  than  1^,  until 
0-f-  N  becomes  greater  than  10  <.  The  average  results  for  the  several 
olaasefl  of  coals  calculated  by  tlic  Mahler  formuhi  are  greater  or  leaa 
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than  the  calorltnetric  reeiilta,  as  foUowa:  Autbriicite  and  autliracttic, 
-f  19;  fat  and  serai-fat,  —34;  fat  gaa-coala,  -^117;  flaming  coals, 
lignitio,  -t-  '^'^\  average  of  these  four  classes,  -f  26,  as  compared  with 
—  18,  the  average  ilifforeiice  betweeu  the  result*  calculated  by  the 
modified  Duloug  formula  and  the  calorimotric  result,  as  shown  in  the 
table.  For  the  lignites,  turf,  and  wood,  Maljlur's  formula  gives  much 
Bmaller  differences  tliaii  Dulong^'fl,  viz.:  +  lU2,  -j- B,  +  IU4,  —294, 
+  119,  +134.  +(J4,  08  compared  with  -157,  -2119,  —138,  —734, 
-400.  — 30G,  -583,  the  figures  iu  the  tabic.  For  all  ordinary  ooats, 
therefore,  Dnlcing's  farmiihi  may  he  coiLsidorcd  the  more  accurate  of 
the  two,  giving  an  average  difference  of  only  18  calories  in  over  SOOO. 

DeSCHIPTIOS    of  MAULER'tj   BoMB   CALORIMETER.* 

The  essential  conditions  for  tlie  dctcrtniuatioti  uf  licat  of  combus- 
tion arc  that  the  product  l>e  completely  burimd,  that  the  boat  paaa 
entirely  into  the  water  of  the  calorimetor  vessel,  and  that  the  combus- 
tion be  as  ()Uick  aa  possible.  I'hoso  conditions  are  best  attained  by  tho 
process  devised  by  Herthelot,  jiccording  to  which  the  roinbnstion  takes 
place  in  a  closi'd  gl*'!-!  vessel  (the  so-called  bomb)  fille4i  with  oxygen 
under  twenty  lu  twerily-llve  alniosphei-es  pres.'jure  and  almost  entirely 
immersed  in  Ihe  water  uf  tlie  L'alorimeter.  Under  tbe^  cinnimslanees 
a  hydrocarbon  burns  compiett-Iy  to  carbon  dioxide  and  water  in  a  few 
fteconds,  none  of  the  products  of  combustion  can  escape  and  the  heat 
pUfiSfS  into  the  surrounding  wat^r  in  the  course  of  two  or  three 
mlmites.  The  high  price  of  Bertbi-lot's  calorimeter,  about  H,500.  has 
prevented  it  from  coming  into  r-onimon  uao.  In  .luiip,  IH!i',',  an 
ai'i'ouut  wa«  pnblialied  of  a  modilicatioti  of  Hcrtbelot's  apparatus  in- 
vented by  M.  Mahler  in  which  the  expensive  platitiuin  lining  of  tho 
biimb  was  repUtced  by  a  thin  coating  of  cdiiioel  wiihout  impairing  the 
eflieiency  of  the  iustniuient-t  A  (.•alorimeii-r  of  ibis  luiid  was  pro- 
cured by  tiie  University  of  Wyoming  in  July,  18'J4.  for  tlic  study  of 
the  coal  and  pctrolcnm  of  tlie  State  and  for  use  in  food  investigations 
in  tho  Agricultural  Kxjierimcnt  Station. 

The  bomb  {It  in  cut)  of  our  apparatus  is  15  cm.  high  and  10  cm. 
in  diameter,  with  an  aventge  thickness  of  8  mm.     It  is  Martin-Sie- 

•Fniiii  nu  iirllrltf  nn  "'ni«  Heatinj:  Power  oT  Wynuiing  (.'<ial  mid  Oil."  by 
Profos>or!t  v..  V.  8l<isiH>n  and  \i.  ('.  (*n1l)Lirii,  piiMUhii]  In  a  H]ieclal  BuUi>ihi  oT  tli« 
riiivcrsity  of  W_vi>iriing,  I>iirninii%  Wvn.,  jNiiiinn',  181*5.  Aiioilicr  dcscrlpUon 
will  tif  T'Dnd  in  MaliliT's  paj'er  <^n  "  Tlie  Calorififi  P(>w*t  of  CoiiihitnliltlfN"  (niH- 
tpliii  ill*  la  Sopieii' (I'KntNiiiragftment  pmir  riniliHlTif  Nnlionnlv,  Paris.  181*3).  and 
In  Pdole'a  'TaloriBc  Power  of  Fuels"  (Jolin  Wil«y  &  Sodb.  N«w  York,  Is88). 

f  Tltt^  a{i|>iiratiiH  i^  ronHiriicU-<l  l>y  St.  L.  iJolax.  Km- Hain(-Jafi<|iiftt.  Parifi.  and 
la  flolil  at  llif-  rolldwiii^  prirwi:  Mnlil«*r'«  calorifTwlpr  coni|>li'tu  750  francs,  pcitup 
f*tr  comprfiiaiiiff  oxyiren  5()0  fmnrs.  pair  <>r  tlnTiiKinu'lf  rs  50  francs.  Our  instru* 
mt* nt  wa«  pn»riir©(1  iViruiicli  KiiiiPr  and  Aiur-ml.  New  Yorlt. 

A  clit-aiK'r  form  of  the  lionili  <'aloritii4'i«^r.  wbicLdi8p«ns««  with  pump  or  ga^ 
0}'linder,  is  de&cribed  in  HiJiupel's  Ijait  AtialjalH. 
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mens  aoft-forged  steel  of  a  resigLmice  of  I'iO  kilogfl.  per  sq.  tnm.  of 
section  (ubotit  70,000  lbs.  per  sq.  in.),  and  20:«  eloDgatioii.  It  is 
tiickel'plated  on  tlie  ouUide  and  coated  on  tlie  inside  witli  a  ihiu  white 
enanitil  to  prevent  corrosion  by  the  oxygen  and  the  acids  which  are 
among  the  pntdncts  of  combustion.  The  capacity  of  tbc  bomb  is 
5tfU  cc.  A  phitiiium  tray  (C),  of  ^U  mm.  in  diameter  and  5  nim,  in 
dL'ptii,  is  sus|Kjnded  from  the  oovor  by  a  nn\  of  platinum.  A  similar 
rod  passing  through  the  cover,  but  iniutatcd  from  it,  reacliei^  ncarlv  to 
the  tray  aiid  tierves  an  the  other  electrode.     The  cover  u  screwetl  on 


Fio.  Ql— Mauuvb's  Boud  CaxoRiMeriiit. 

A.  wnter-jarltK  ;  B.  t)omh  ni  enitnicllf^l  ulrfl  ;  C.  platinum  Iray  ;  D,  calorlra^er- 

Vfiwol:  E.  "Wtrfxio;  F,  iron  wif  for  lunillnn  :  O.  inii'I""'^  for  (.tirrlntf- 
apparaiii^:  K,  slirrinc-meplminism  ;  L.  l»>ver  ftr  Ptirrinpr ;  -V,  maroniettr  j 
Q,  cvHndef  of  oxrirBn  :  8.  ntirrin^-apiuinittiR  :  T,  tlicruinmeler  ;  Z,  clftm|i. 

OTor  tho  top  of  the  bomb  and  a  bcrmettral  joint  Bpcurrd  by  a  ring  of 
lend.  The  nxycpn  if?  passed  in  tliroutrh  t)io  stom  of  the  nrrdJe-vidve, 
which  is  screwp<l  down  wlieii  llio  bomb  is  filled.  The  bomb  is  s«t  in  & 
Bopport  wliirh  (oiirlies  tlic  bottom  of  the  calorimeter  i-etiwl  on  tliree 
points.  Tlie  riiloriuieter  vessel  is  a  pail  of  thin  bnuss.  23  cm.  high  nnd 
H  cm.  diiimeter.  This  i-eatfl  on  three  points  of  a  light  wooden  support, 
and  is  surrounded  by  a  lurcrc  douMe-wnlled  vessel,  covered  with  thick 
felt,  containing  water  at  the  normal  tempcriilure  of  the  room.  An 
ingenions  stininc  met;hanisra  enables  one  fo  keep  the  water  of  the 
calorimeter  in  thermal  equilibrium  with  elight  effort.  Tlie  calorimeter 
is  ao  well  isolated  from  external  influences  that  tbc  water  often  doea 


not  vary  in  tomperature  .01'^  in  fifteen  minutee,  altliough  the  air  of 
the  room  may  be  quite  variable. 

Two  thermometers  were  used,  one  reading  between  8'  and  18"  C, 
aud  the  other  between  18°  and  28'';  each  degree  covering  a  space  of  3J 
cm.  They  are  graduated  to  y^",  and  were  read  to  O.Ol',  aJthoiigh 
with  a  glass  they  can  be  read  tc  a  much  finer  inttrval. 

The  oxygen  used  was  made  in  the  luboruiorv,  purified  by  passing 
through  u  selutiou  of  caustic  potash  ami  three  roll»  or  copper  gauze, 
Htid  kept  iu  gas-bags;  the  slight  correction  indicuttd  for  BtTtheTot  for 
tlie  loss  o£  heat  through  vaporization  of  water  has  not  been  a)iplied. 

THE   PKOCBSS   OP  COMHtrSTION. 

One  gram  of  the  coal  or  oil  is  weighed  into  the  tared  platinum 
tray,  which  is  then  attached  to  the  jilatiuiini  rod  in  the  cnlorimeter- 
bouib.  A  piece  of  iron  wire  of  known  wt-igbt  is  stretched  across  from 
the  rod  supporting  the  tray  to  the  insululcd  support,  atid  preferably 
touching  the  combustible  or  buried  in  it.  Tlio  bomb  is  then  placed  in 
a  lead-lined  clamp,  and  the  lop  tightly  screwed  on  by  means  of  a 
wrench.  The  needle-valve  ia  opened  and  connected  with  the  coni- 
pressiun  pomp  by  a  long  slander  copper  tube.  Oxygen  is  then  forced 
into  the  bomb  until  the  inunometer  read^  SO  or  25  ittnioiipheres.  Tlie 
necdiovalve  is  closed  and  di^conncct<>d  from  the  tilling  tube,  and  the 
bomb  is  immersed  in  the  water  of  the  calorimeter.  The  water  should 
bo  3'  to  ^i"  lower  in  tempeititnre  than  tlie  air  of  the  room  and  the 
water  in  the  jacket  of  the  calorimeter,  and  a  sufticient  amount  should 
bo  weighed  out  to  cover  the  Immb  nearly  to  the  top  of  the  insnlated 
electrode.  In  our  instrument  23U9  grams  of  water  was  usually  taken, 
as  that  gave  with  the  water  value  of  the  apparatutu  (-lUI  grams)  a 
convenient  factor  for  calculation.  The  stirring  apparatus  is  kept  in 
motion,  and,  as  soon  aa  the  change  in  tt.>nipi'ruliLre  bi'cnmcK  constant, 
readings  of  the  thermometer  arc  taken  at  inttirvuils  of  one  minute.  At 
the  end  of  tin?  tlftli  minute  the  combustible  is  fired  by  jmssing  an  elec- 
tric current  tbrough  the  iron  wire,  raising  it  to  i-eduess.  We  UHe<l  a 
plunge  battery  of  six  bichromate  cells  for  tliis  i>urpose.  Cue  wire  is 
coniu'clftl  to  the  insuhiled  electrode,  and  the  other  is  touclied  to  some 
exposed  part  of  tlie  bomb.  In  about  ten  seconds  the  thermometer  is 
observed  to  rise,  rajndly  at  first,  tlien  more  slowly,  reaching  a  maxi- 
mum usually  on  the  eecond  or  third  minute  after  tiring.  After  the 
mu.Yimu!n  it  falls  regularly  and  slowly  if  the  proper  temperature  has 
been  chosen  for  the  water,  and  readings  are  again  madi^  at  intervals  of 
a  minute  for  five  minutes  more.  Tbon  the  liomb  is  taken  out  of  the 
calorimetor,  thp  ne**dU'-valve  cautiously  oiiened  to  allow  the  products 
of  combustion  and  residual  oxyg*?n  to  esca|)e;  after  which  the  bomb  is 
0|>ened  and  rinst>d  out  with  dislille<l  water.  The  rinsitigs  are  titrated 
with  A  standard  solution  of  potassium  hydrate  or  sodium  oarlxtnate  lo 
determine  the  amount  of  nitric  m;id  formed  by  the  combustion;  and, 
if  the  combustible  contains  sulphur,  tlie  solution  is  set  aside  for 
determioation  of  sniphuric  acid.     The  whole  oporatiou,  including  the 
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veighiug  of  the  tiumple  and  ]>uinpin;;  in  the  oxygeOf  oaa  be  comploted 
in  \vjia  tlian  au  hour  if  evcryiliing  works  well. 

MiiUiplying  tlu*  weight  of  waLor  taken  plus  the  Wat^t*  value  of  tho 
apparatus  hj  the  corr(>cled  riiio  in  temperature  gives  ibc  heal  of  com- 
bustion nf  one  gram  of  the  substauce,  subject  to  the  correctious  men- 
tioneU  below, 

CORBECTIONS. 

1.  Correction  for  the  fujiuintrt!  of  the  Temperature  of  the  Envirati' 
ment. — Thi^  is  llie  htrgcHt  and  musl  iiii]iurtunt  correction  to  be  made, 
altliotigh  on  acconut  of  the  short  iutervul  during  which  the  lemptira- 
ture  n»>s — nanuUy  two  miuulea — it  is  sai;aller  In  this  process  thau  in 
an)-  other. 

As  there  is  no  way  of  meaauring  directly  the  amount  of  heat  lost  or 
piined  hy  the  calorinietur  from  the  moment  of  firiug  to  the  moment 
when  allthe  lieat  of  combustion  has  been  given  up  to  the  water  sur- 
rounding che  bomb,  it  is  ueccasary  to  calculate  lliis  from  the  rate  of 
change  of  temperature  before  tiring  and  the  rate  of  chauge  when  tho 
tompeniture  has  come  again  to  equilibrium.  This  correction  is  most 
accurately  given  by  the  application  of  the  He^rnanlt-Pfaiindler  formula. 
It  the  prelimiuary  period  and  tho  final  period  are  ea^^h  five  minuten, 
with  readings  of  the  thermometer  ever)'  minute,  the  con'ection  accord- 
ing to  this  formula  la: 


[/.  +  ',+----/.v-.+ 


^i±^-(Ar- 
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6V*]f^+(-V-&)rf, 


where  i  indicates  the  temiKrature  at  the  eud  of  the  minato  designated 
by  the  subscript;  t^  is  tiio  iustnnt  of  firing;  Ji  is  the  number  of  the 
masimam  reading:  /^  is  tho  average  of  the  five  readings  beforo 
firing;  T  Is  the  average  of  the  reatlings  of  the  final  period ;  D  is  the 
ftTorsge  change  in  temperature  during  tho  final  |>eriod,  and  d  is  the 
ATerege  chonge  in  temperature  during  tlie  preliminary  penod. 

As  in  pnictic©  the  maximum  temiwrature  nearly  always  occurs  on 
the  seventh,  the  cightli,  or  the  ninth  minute,  tho  formula  can  l>e 
reduced  for  these  three  ojircb  to  tho  following  forms,  which  are  easy  to 
calculate : 

Whei!  the  maximum  is  the  end  of  the  seventh  minute  the  correo* 
tion  for  tho  loss  or  gain  of  heat  during  the  minutes  5-6  and  6-7  is 

When  the  maximum  is  the  eighth  minnte  the  loss  or  gain  for  the 
minutes  5-6,  6-7,  7-8  is 

1  {[12^+2VHl)-(3^+^)]  [{'»+m.::(^is±0]  . ,,.    .  .\ 
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Wlien  the  maximum  is  the  uinth  minute  the  loss  or  gain  for  the 
minutes  5-6,  6-7,  7-8,  &-9  is 

This  correction  becomca  a  minirnitm  when  the  temperature  before 
filing  is  rising  about  three  tim^  us  fust  as  it  falls  aft«r  the  maximum. 

Ab  the  period  of  Ronibustton  is  so  short  M.  Mahler  has  given  a 
mefbof]  of  correction  based  on  Newton's  law  which  gives  resulte  suffi- 
ciendy  exact  for  technical  work.     Uis  rules  are: 

1.  The  law  of  decrease  of  teni{>cratureob;3crTcd  after  the  maximum 
renretiRnta  ilio  loss  of  lieat  before  the  maximum  and  for  auj  given 
mmute,  on  condition  that  the  mean  temperature  of  this  minute  does 
not  dilTer  more  than  one  degree  from  the  maximum  teni{K?rature. 

11.  If  the  icmjperature  of  tlie  given  minute  differs  by  more  than 
one  degree  but  leas  than  two  d^rees  from  that  of  the  maximum,  the 
number  that  represents  the  law  of  docreafle  at  the  moment  of  the  maxi- 
mum less  0.005  will  give  the  desired  correction. 

A  comparifton  of  the  two  melliocls  in  gome  twenty  cases  showed  aa 
ATerago  difference  of  0.0013^  which  on  one  gram  naphthalene  would 
•mount  to  atmut  three  calories,  or  03.  per  cent;  a  uifferenco  withiu 
the  limit  of  error  in  technical  work. 

2.  Correction  for  Formation  of  Xitric  Acid. — Abont  fifty  milli- 
grams of  nitric  acid  are  formed  from  the  nitrogen  of  the  air  by  tlie 
combustion,  and  it  is  necessary  lo  ascprtain  th*?  amount  of  this  and 
subtract  the  heat  of  formation,  227  eal.  per  gram,  from  tlie  heat  of 
combustion  of  the  substance  under  examination.  Thit<  is  estimated 
by  titration  with  a  standard  alkali  solution  containing  3.706  grams  of 
•fxlium  carlHinate,  Na.CO,.  One  cubic  ceutimeter  of  this  itolution  is 
•(piul  to  .0044  gram  ustric  acid,  of  wliicb  the  boat  of  formation  is  one 
calorie,  m  the  uumber  of  cubic  eentinieterg  required  t«  titrate  the 
washings  of  the  Iwuib  can  be  written  at  once  as  calories.  Methyl 
orange  is  used  as  an  iudicntor. 

3.  Correlation  for  the  Cnfiihtstion  of  the  Imn  Wire. — The  combns- 
tion  of  the  small  piece  of  iron  wire  used  to  ignite  the  combustible  ulds 
to  the  apparent  rise  in  terai>erature,  and  correction  must  be  made  by 
taking  a  kuown  weight  of  wire  and  subtracting  its  heat  of  combustion. 
A  No!  33  to  36,  Hrown  and  Sharpe  gange,  is  suitable,  and  it  is  prefer- 
able to  use  the  copper-plated  wire,  as  the  plain  wire  easily  becomes 
oxidized  on  the  surface.  Of  Ko.  'Mi  wire  one  meter  weighs  .3160 
gram;  of  this  in  our  experiments  we  used  a  length  of  4.8  centimeters, 
giving  a  lieat  of  twmbnstion  of  25  calories. 

The  heat  of  combustion  of  iron  under  these  circumstances  is  stated 
to  bo  IfiSO  cal.  per  gram.*  This  is  on  the  assumption  that  all  tho 
iron  is  burned  to  Fe,0,.     That  this  is  not  correct  is  sbovn  by  the 
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following  analyses  of  the  iron  oxide  resulting  from  some  twenty  com- 

bnstions  each:   No.  1,  71.59  per  cent  iron  in  oxide;  No.  2,  75.81  per 

cent  iron  in  oxide.      The  flret  would  correspond  to  74.7  per  cent 

^ofi^  and  25.3  per  cent  Ke,0,.  while  the  second  might  be  composed 

of   BCi.S  per  cent  FoaO,  and   i:i.2    per  cent  nnbnmed  iron.      OtJier 

mixtures  of  iron  and  its  oxides  would  of  course  give  the  same  aniilyt' 

iical  results.     The  beat  of  combustion  of  ferric  oxide  is  not  exactly 

'known,  but  it  is  certainly  less  than  that  of  Fe,0,.     It  appears  from 

this  that  the  character  o/  tho  oxides  formed  is  variable  and  the  ordi-^ 

nary  correction  conaeiiutnitly  inaccurate  by  several  calories.    The  error 

is  not,  however,  us  ^re:tt  us  the  aiiulysea  would  seem  to  indicate,  for  it 

was  only  the  larger  particles  such  u&  could  be  easily  picked  ofl  that 

were  taken  for  analysis. 

4.  Correction /or  Sulphur. — The  presence  of  aul]>hur  in  the  com- 
bustible necessiUilcs  another  correc^tion,  for  the  free  sulphuric  ueid 
formed  by  the  combustion  of  sulpluir  compounds  will  be  titrated  as 
'bitric  althou(;h  its  heat  of  combustion  ie  different  and  the  heat  of  the 
burning  sulphur  is  a  legitimate  part  of  the  heat  of  combustion  of  the 
fuel.  The  suli)huric  acid  must  therefore  be  detcimined  in  the  rins- 
ings of  the  bomb  after  the  titration  for  free  acid,  and  the  heat  of  for- 
mation of  its  equivalent  in  nitric  acid  subtracted  from  the  number 
obtained  by  titration.  The  weight  of  barium  sulphate  mnltiplieil  by 
100  gives  tlirectly  the  number  of  calories  to  be  aubtracted. 

Sulphur,  however,  exisLs  in  coal  in  three  forms:  organic  sulphur 
compounds,  pyrites,  and  eulpbates.  chiefly  g)-psnm.  Of  these  th« 
third  at  least  would  not  be  converted  into  free  acid  liy  the  combustion, 
and  the  ordinary  correction  would  be  too  great.  The  point  is  of  espe- 
cial importance  in  dealing  with  Wyoming  coals,  for,  although  the  per- 
centage of  sulphur  is  generally  small,  yet  It  is  more  often  in  the  form 
of  gypsum  than  pyrites.  Nevertheless,  as  to  find  the  original  state  of 
the  sul[)hur  would  require  two  aualvses,  the  whole  is  regarded  as 
forming  sulphuric  acid,  and  the  equivalent,  usually  amouutlng  to  about 
5  cal..  has  been  subtracted  in  all  cases. 


nirrKKMlNATION    OF   WATEIl    VALUE   OF  TUE   APPABATUS. 

The  beat  prodnced  by  conibustiou  is  absorbed  not  only  by  the 
[water  in  the  CAlorimeter,  but  also  by  the  calorimeter  vessel,  the  bomb, 
the  stirring  ajiparatus  and  thermometer  in  contact  with  it.     but  the 
amonnt  of  heat  absorbed  by  them  depends  on  their  weight  and  mate- 
rial.   It  is  therefore  necessary  to  find  the  water  valne  of  the  apparatus, 
that  is,  what  weight  of  water  would  alworb  the  same  amount  of  heat 
.Jor  the  same  rise  in  temperature.     This  is  done  by  muUiplying  the 
■weight  of  the  different  jwirts  of  the  ap{>aratuH  by  the  specific  liejit  of 
the  material  of  which  they  are  composed.*     In  this  case  the  oaloula- 
tioQ  was  as  follows: 

*Tbii  weight  of  til*  fisamel  on  thr  tiomb  tru  not  kaown.    Tlia  water  valoe  of 
the  appantna  u  caJcoIated  Is  tbvrefore  too  low. 
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Calorimeter  veBset  445  g.,  atirruig  apparatus  143  g.,  5S8  g. 

brass  X  .093 64.69 

Bomb,  302Og.  steel  X  .1097 430.03 

22.36  g.  p]atinura  X  -0324 .72 

8g.  load  X  .031 2fi 

Tbenziometer,  bulb  2.72  g.,  tube  33.50  g.,  ^  immursed,  6.G1 

g.  gliisa  X  .lri4 1.58 

35.36  g.  mercury  X  .033 1.17 

Oxygon,  (20  utmospberes  preasui'o)  16.7  X  .155  * 2.59 

Water  ralue , 491.03 

AiHither  nielhod  of  determining  tbe  water  value  of  a  calorimeter 
is  to  bum  iu  it  ceruiii  t-ompuuuds  vliose  htut  of  combustion  h  accu- 
nuAy  kiiowu.  Tbin  biw  t)i»  advaiiUge  that  tbe  water  value  of  the 
whole  apparatus  ia  determined  directly  and  uudcr  tbe  same  conditioua 
as  iu  uu  ordinary  combustloa,  but  it  has  the  disadvuntage  that  tho 
heat  of  combustion  of  no  compound  is  exactly  known,  in  dctcrmin- 
iu<;  tbe  water  ruluc  of  our  calorimeter  we  made  twelve  euuibiistioua 
with  resublimed  naphthalene,  of  which  the  beat  of  cumbustiou  as  de- 
tormiiied  by  Berthehjt  and  bis  assistant;*  is  OGOa  calories.  The  aver- 
age of  tho  twelve  eombusiions  gave  491.4  grams  as  tbe  wat«r  vulue  of 
tlie  calorimeter.  One  combustion  with  granulated  sugar,  using  2  gin. 
and  taking  the  heat  of  combustion  as  39(51.7  cal.  per  gram,  gave  491  g. 
as  the  value.  As  all  these  are  in  satisfactory  agreomeut,  the  numlier 
491  has  boon  adopted  as  the  water  viUuc.  A  di^crtuce  of  one  gram 
in  water  value  makes  a  difference  of  about  .03  per  cent  iu  the  Hual 
result. 

An  Example. — The  method  of  calculating  tbe  heat  of  combnetion 
may  h&  made  more  clear  by  giving  in  detail  an  example  in  which  the 
corrections  are  unustially  large. 

ro«1  Xo.  S3.     L.  R.  Meyer,  Curbon.     NoTenib«r  80.  IS04. 
1  gram  coal.     .0230  g.  wire.  2800  g.  water  in  raloritiieter. 

PivllmluArr  Pv-Hod.  Oombtuainn  IVrtod.  FItw)  IVriixl. 

tf-U  47-  C.  5—11.48'  C.                      »-I8.64'  C. 

l-U.41  51— ta.50  10-18.08 

8—11.46  6-18.34  II— 1».63 

4—11.48  7—18.68  13—13  08 

6-11.48    Fired.  8-18.04  13— lil.es 

9—18.64  14—1361 

Nitric  sold  =£  9.0  c.c.  BoiUutu  cftrbnnata  sulatlon  =  9  oil.  Wdffbt  Ba80«. 
.047'i. 

From  tbe  9th  to  the  Uth  reading  .OS"  beat  was  lost,  or  .006'  per 
minute.  Then  for  the  three  and  a  half  minutes,  5^-6,  6-7.  7-R,  8-9, 
tbe  total  loss  =  .021°.  The  teni|)erature  rose  .01"  during  tbe  prelim- 
inary perioii.or  .002'  per  minute.  Tbe  correction  tnr  tbe  balf-niinute 
5-.")^  ia  therefore  .001.     The  total  rise  in  temi>eratnre  is  from  11.4.S** 

*  BpMiflc  heat  at  eonrtant  volume. 
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to  13.64%  or  3.16';  adding  to  ihis  the  correction  .02*  gives  a.lS"  for 
the  true  rise  due  to  combustion.  Tho  wut«r  value  of  tlie  apparutufif 
4111  g.,  added  to  the  weight  of  water  useii.  330O  p.,  givts  2791  g., 
whicli  muUiplicd  by  2. IS  gives  Goy4.1  calories.  The  weight  of  the 
biirium  sulphate  with  Uie  decimal  jwint  moved  two  phurea  to  the  right 
gives  4.J  to  be  subtracted  from  U.O  cal..  le-aving  4.3  wd.  The  weight 
of  the  wire,  .0350  g.,  moUipliecl  by  lti50  gives  41.2  cal.  Tho  «um  of 
tho  oorrectiona  for  formation  of  iron  oxide  ami  nitrio  mrid,  45.5, 
siibtracteti  from  0084.4  gives  filKilt  calories  for  the  true  heat  of  the 
combustion  of  one  gram  of  the  coal.  Tho  use  of  Kegnuult'ti  formula 
in  this  ease  would  malte  the  rise  of  temperature  v.lTd"  aud  the  heat 
of  combostion  6036  cal. 


KOTBS  OK    CALORIHBTRY. 

The  use  of  a  cylinder  of  oxygen  under  groat  presrare,  Btich  as  is 
now  in  the  market,  diRjieni^t'S  with  a  conipreetiion-pinitp,  uiid  shortens 
tho  time  required  for  a  combustion  by  one-lialf.  It  hiia  the  disinlvan- 
tjige  that  Uie  quality  uf  the  oxygen  \a  not  as  much  under  cuntrol  as 
where  it  is  made  in  tin-  lal>onil*try. 

It  is  not  necftisary  that  ttie  coal  should  be  finely  powdered,  nor  \& 
tliero  uuy  difficulty  in,  using  Hue  samples.  Of  the  samples  used,  one 
was  in  coarse  fragments  and  some  liatl  been  passed  through  a  hnudred- 
Diei^h  sieve.  In  using  very  due  coal  or  freshly  sublimed  naphthalene, 
it  is  convenient  to  coniprtiKs  it  into  tablets  with  a  "  diamond  mortar" 
such  tin  is  utii'd  in  nushing  minerals  for  analysis. 

The  cylinder  of  tlio  comj)ression-pamp  must  be  kept  cool  by  a 
water-jacket,  or  the  oil  will  become  igiiited  by  the  comjiresat-'d  oxygen 
and  an  explosion  result. 

The  rapidity  with  which  the  beat  is  given  np  to  tho  water  of  the 
calorimeter  is  shown  by  tho  following  average  of  ten  doterminatioDs: 

H«*t  ffivTD  off  dtirmg  Ibe  period  S-l^  =  37.9  i>er  c'Dl 

"        "  51-0  =  60  8    ••      ■' 

$-7  =  20.1    '•      " 

7-8=    17    ■■      " 

100.0 

is,  78.2  per  cent  of  the  total  heat  is  alisorbed  by  the  water  dup- 
the  first  minute  and  06.3  ]>er  cent  during  tlu<  firKt  two  minutes. 
Care  must  be  taken  to  scrape  ofT  the  iron  oxide  from  the  electrodes 

before  attaching  the  new  wire,  as  a  very  thin  film  will  prevent  igui* 

tion  by  the  electric  current. 

Lord  and  Haas*s  Tests  of  American  Coals. — In  18D7  Professors 
N.  W.  Lord  aud  K.  Hajis,  of  llie  Oiiio  Stale  University.  Colnmbus.  0.^ 
preseutcd  a  paper  to  the  American  Institute  of  Mining  Knginoera 
(Trans.,  vol.  xxvii.  p.  259)  giving  the  rt'suUs  of  proximate  and 
ultimate  analysee  and  determinations  of  cnloritic  value,  by  means  of 
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(he  Maliler  calorimeter,  of  forty  different  eamples  of  coal,  seJectcd 
from  seven  different  mining  regions.  Prof.  lx}rd  also  publiHlied  a 
paper  in  Engiueering  AVtojr  of  iVb.  IG,  ItiUO,  giving  the  reaulto  ofj| 
Bimilar  teiitit  of  live  surtijiles  of  coal  from  ilifferent  {larU  of  Jackson 
Co.,  Oliio.  Tlio  fignroB  obtained  in  both  series  of  teste  are  given  in 
the  table  on  pages  lO-l  and  105.  The  figures  in  the  last  two  columns 
hare  bven  calculated  by  Uie  author,  to  show  tlie  heating  value  and  the 
por  cent  of  fixoii  carbon  of  tho  combustible,  which  were  not  given  in 
the  original  pa|)crs.  The  ultimuti*  uualysos  as  reported  include  tho  hy- 
drogen and  oxygen  c}f  tho  mniitturo,  together  with  that  of  the  dry 
coiil,  nnd  tho  iiguros  for  "average,  dry  coal/'  have  been  computed  by 
the  iuithur  in  order  to  make  the  uualysea  comparable  with  analyses  of 
other  coala. 

These  tests  are  by  far  the  most  complete  that  have  tip  to  this  time 
been  made  of  American  coaU.  The  e.xtremo  accuracy  of  the  work  is 
shown  by  tho  close  agreement  of  the  resnlts  with  those  obtained  by 
Mahler  with  foreign  coalii  of  similar  composition,  as  well  as  by  the 
correspondence  of  the  calorinietric  determinations  with  the  heating 
value  jw  calculated  by  the  Dulong  formula.  Tlie  student  is  referred 
to  the  original  paper  for  a  detailed  statonient  of  the  procaatioua  taken 
to  insure  accurate  work  with  the  calorimeter. 

The  following  is  quoted,  from  the  paper: 

"  The  probable  eiTor  of  a  single  calorimeter  determination  from  the 
mean  result  of  a  largo  number  was  cmnputed  from  all  the  results  on 
21  i^amples  of  coal,  on  each  of  which  more  than  one  determination 
wiut  made.  There  were  50  sopai-ate  results  on  the  1i  samples.  Cura- 
putiii^'  the  error  by  the  ordinary  fonnula  gave  plus  or  minus  30  units, 
or  alwut  0.3  of  1  i>er  cent  as  the  probable  error  of  one  detennination. 
These  results  wore  obtained  by  dit^crent  observers  and  at  considerable 
iiili'rval:^  of  time,  and  include  slight  possible  variations  in  the  cou> 
dliion  of  the  sample  as  to  moistnro  aiid  oxidation.  l>upl)ca(4ji  results 
obtained  at  ihu  same  time  by  the  some  obserrer  frequently  gave  much 
closer  checks. 

"The  chemical  analyses  were  made  by  the  ordinan,*  methods — com* 
bustion  with  oxygen  in  a  glaag  tube  containing  copper  oxide  and  lead 
chromate  for  the  ultimate  anulyae-s.  while  the  proxiuiale  analytics  were 
niHile  by  the  methods  used  for  all  the  aiunples  analyzed  in  this  liilmra- 
tory  for  the  Ohio  Geological  Surrey.  In  outline  the  trcutmuut  was 
as  follows: 

"  One  gram  of  the  coal  was  dried  at  100"  to  \(\b°  C.  for  one  hour 
in  a  crucible,  tho  loss  lK>iiig  called  moitntiire.  After  drring,  the  same 
portion  watt  heated  'Ai  minutes  over  a  Bunsen  burner.  tJien  .'H  minntes 
over  a  hliiat-hirap.  and  the  loss  was  called  volatile  combustible.     T 
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crucible  was  tiphtly  covered  und  not  allowed  to  cool  during  the 
change  from  buruer  to  blusi-liunp. 

"  The  reaulta  of  the  work  are  given  iu  the  following  tableg,  in 
which  the  couU  of  ea^Oi  t>eam  are  gi-ou|>t!d  together.  In  adihtion  to  the 
analytical  uiid  calorimctric  data  tlie  followiug  figtireit  itre  Uibiihited : 

"  I.  The  calorimetric  iK»«cr,  computed  from  Duluug's  formula,  iu 
thia  form : 

Cal.  power  =  80800  +  34,46i  (U  -  ^0)  +  2'i50S, 

C.  H.  0.  and  S  being  the  amotinU  of  carbou,  lijilrogou,  oxygon,  and 
sulphur  III  ODC  unit  of  the  coal. 

"2.  The  difference  between  this  result  and  thebombdelerminii- 
tiou.  expres^il  in  perceutagcB. 

"  Uu  examining  the  accompanying  table  of  rosulta,  the  following 
pointif  appear: 

"  In  the  first  place,  the  r{'mjirkal>le  roinoideiice  between  the  Iieating 
powers,  an  i.-alcuhtted  from  I)idoiig's  formiiln.  and  the  experimental 
ileterminutions.  In  the  ciLse  of  tlie  areragci  of  tlio  different  f-ojinis  wc 
find  prai'Lical  idi-'iility  between  the  htatiiig  j>ower  us  calculated  from 
the  formula  ba»ed  simply  on  the  lieiit  develoiwd  by  the  conthustihle 
elements,  and  the  reBulls  of  the  calorimeter.  Tliis  is  so  much  iit  vnri- 
ancu  with  tiie  claims  of  many  writers  tliut.  were  it  not  the  regnlt  of  so 
many  determinatioiin,  it  might  pass  .'is  a  mere  accident.  Tlio  nutxi- 
mum  ditTert»nce  l)ctween  the  heat  cjilciilitoil  from  the  elenuMitiiry 
analvMiH  and  the  heat  dovelopi'd  in  the  bomb  is  2  [kt  cent  of  the  total 
cslculatctl  heat,  the  minimum  differencr  0  I  per  cent.  The  powihlo 
error  of  an  nltimale  aniilysis  may  be  jjiaccd  at  O.-i  per  cent  on  carbon 
and  0.3  per  cent  on  hyiirogen.  esiwcially  with  L-oala  ad  high  in  ash  and 
sulphur  as  are  niuny  of  the  ftanijilea  inctnded  in  onr  tests.  This  would 
lead  to  an  error  of  about  ]OJS  units,  or  nearly  1.4  per  cent  on  the  rul- 
cnlateil  heat  value.  While,  of  course,  the  proboble  error  of  the  nlli- 
mate  analysis  is  less  rhan  iim.  it  seems  certainly  possihle  tliut  the  ilif- 
ferunces  twtwecn  ihi*  olwervcd  and  calculated  heat  values  are  within 
the  limits  of  experiment. 

"  The  ultimate  analysis  of  conls  is  vastly  more  difficult  to  make  than 
the  calorimeter  di-tt^Tuination ;  and  therefore  it  is  extremely  import- 
ant to  know  how  far  the  ordinary  proximate  analysis  so  uuiversally 
used  in  this  country,  and  so  rapidly  made,  can  serve  as  ft  guido  in 
rating  the  caloriOi?  powers  of  coals. 

'*  A  ndation  between  the  fixe«I  carbon  and  the  calorimetric  test  wa« 
stated  by  Mr.  Kent  ("Healing  Value  of  Coal,"  "Mi?veml  Indnstry," 
lH'J'i,  p.  07);  but  the  results  of  our  work  do  not  ap|M?ar  to  correspond 
to  his  ligures.  Taking  the  I'ittshnrgh  coal,  we  find  the  averugt-  ralo* 
rifio  |H)wer  of  the  samples  observed  to  be  7633.     The  average  ash  ia 
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8.01,  tlie  average  moisture  1.37.  (^atculatiug  from  this  the  caloriHo 
power  of  the  i-.oaI  frttj  frum  iwh  und  moisturu,  we  tind  it  to  be  ^^313. 
The  iivfrage  lixed  carbou  is  Sy.i'o,  imd  this,  culcniatod  uali-  and  moia- 
turt'-frye,  gives  59.54.  IntLTpulaliiig  froui  Keut'ti  tubk',  this  would 
give  8054  u6  the  caloriliu  pawur,  u.  dilmrgiico  of  '-io'J  uuils,  or  3.2  per 
ueiit,  Tlie  same  calculaliuu  on  tho  uverago  Kreoport  coal  uliowa  a 
difftTeuco  of  2'.tG  units,  or  uuiirly  i  per  cyut. 

'*  The  determination  of  lixcd  curbon  is  very  uncertain,  Iwiug  much 
iiiHuonced  by  slight  changes  in  metho.l;  therefore  it  iit  entirely  poj«i- 
blo  that  thoso  ditTerences  are  duo  to  our  method  of  uualyais,  giving  low 
results  08  compared  with  that  used  by  the  chemiste  furnishing  h'n 
ligures.  .  .  . 

"  Dnr  determinations  of  fixed  carlxin  could  not  be  used  for  estimat- 
ing the  Cidorifio  pnwor  within  any  satisfactory  limit  of  accnnicy. 

"  AttrtmpU  to  th^rive  !i  general  law  for  all  tho  coals  examined  were 
abaru3on*'d,  and  tho  (pit'stion  was  tiikeii  up.  how  far  the  roal  of  u  given 
deposit  or  Beam  can  lie  re;,'arded  as  of  unilorni  quality,  and  its  specjflo 
chai*nct4>r  determined.  This  has  led  to  tlie  intei'estin^  results  given 
in  the  lublbs.  Taking  the  ooals  of  the  same  seam,  we  avei'Sfcd  tho 
results  of  the  calorimeter,  and,  reducing  hy  tho  uvi>rage  ush  aud  moist- 
ure, soon  found  that  comparable  results  were  obtained  by  regarding 
tliis  value  as  a  coni^tant  far  the  ^eani  over  tfie  ttrua  examined.** 

"  Tile  results  of  our  test^  ewui  to  indicate  the  interesting  conclusion 
that  the  chanu'tor  of  a  eoal-st-am.  as  far  as  its  fui-l  value  is  f^onoerned, 
is  a  nearly  cf}nsl4irit  (piantity  over  considerable  areiia.  The  determin- 
ation of  tlie  value  for  seams  would  be  of  great  use,  as  the  rapid  prox- 
imate analysis,  or,  for  tliat  mutter,  merelv  the  determination  of  ash 
aud  moisture,  in  low-suLpIiur  coals,  wouhl  be  sulticieut  to  grailo  coaU 
of  the  same  veiu.  Of  course  it  is  dangerous  to  argue  from  so  few  ex- 
amples; hut  tho  proposition  seems  reasonable.  At  least,  we  hope 
that  further  work  may  confirm  these  conclusions. 

Prof.  Lord  says  concerning  the  Jiu^kson  Co.,  Ohio,  coals: 

"Tlie  failure  of  tho  last  two  samples  to  show  close  correspond  euro 
between  the  ralrulated  values  hyDtdoTig'e  formula  arid  the  calorlmetric 
results  is  eontrary  to  our  experience  witli  other  coals.  These  last  two 
analvB.-'s  are  the  average  of  ihiptiojiTes,  which  do  not  agree  very  satis- 
factorily, and  theti-fore  the  results  are  open  to  question,  as  I  fear  somo 
carbon  may  have  escaped  c-tKuhustion.  The  orhpr  analyses  are  the 
averages  of  very  closely  agreeing  duplicates.  If  the  conclusion  as  to 
the  comparative  constancy  of  the  heatiu?  value  of  the  comhnstibic  in 
any  given  seam  is  correct,  then  the  determination  of  theliealiii!:  power  of 
any  jwticular  sample  from  the  seam  iK-comes  a  simple  ttialler,  if  the 
ash,  sulphur,  and  inoii^ture  in  the  Kimple  l>e  known,  and  the  seam  coii- 
Btuut  for  the  kind  of  fuel  be  known." 


The  (ollowing  extracts  are  taken  from  a  discussiou  of  Lord  and 
Haii^'ii  |Kipur  b}  tho  author  (Tmiis.  A.  I.  M.  E.,  vol.  xxvii.  j>.  *Ji6): 

Tlie  coacUisioa  of  tho  utuliors  that  tho  actual  coal  (moisture  aud 

ash  eicludwl)  of  a  jjiven  seani  uver  coiisidoiablo  arejis  niiiy  be  regarded 
as  of  uuiform  hcaiin*;  viilue,  is  one  of  great  pnwticul  inii'orl^ince. 
8honld  this  conclosion  be  eBUiblislietl,  or  its  limitations  deiiued,  by 
future  teats,  it  will  be  possibiw  lor  us  to  approximate  closely  tbe  heat- 
itig  value  of  liny  given  sample  of  conl  Uy  ascertaining  where  it  is 
mmcd  and  by  derertnining  iu  moiAlure,  ttnlphur,  and  lish,  which  are 
tho  three  variable  elenieiir^  in  li)t*«  of  caul  fnim  thts  ^ianie  tnine,  with- 
out going  to  tlie  expend  of  an  nliimute  an.'ilvsis  or  a  calorinieter  teift. 
In  any  given  niineorseiim  the  sulphur,  avtM-aged  Tram  car-load  lota, 
is  reasonably  constAnc,  especially  iu  such  ooaU  a»  are  of  good  repute  in 
the  market  as  su-am-coals.  'INie  moisture  aud  ash,  however,  are  sub- 
ject to  accidental  variations,  hut  they  are  easily  determined. 

I  have  discovereil,  in  the  analyses  given  in  the  paper,  an  interest- 
ing relation  between  the  percentuge  of  carbon  as  found  by  l^ie  ulti- 
mate analysis  anil  the  percentage  of  fixed  carbon  as  found  by  the  prox- 
imate analysis.  It  is,  that  iu  the  bituitiiuoiis  coals  the  fixed  carbon  is 
nearly  e(ju'al  to  the  total  carbon  minus  tive  tiujos  tlm  available  hydro- 
gen (H  —  1^0),  and  that  in  the  scmi-bituminctis  coal  (Pocaiioutas)  it 
18  nearly  e<|ual  to  the  total  carbon  minus  threo  tinier  the  avuilablo 
hydrogen.    The  followiug  is  tho  calculation  from  die  average  analysis: 

A»»n-  Diffi-r-  Ftxrd  DUTir- 

iible  U.  Totel  C  vnvc  Carlicti.  ence. 

Pocalionua 8Hfi  x8=ll  67  W.87  T^.'JO  7484  -f  1.64 

Tbwrker 4.'J7  X  B  =  21.8r>  7rt.65  .^7  30  5(5  67  —    .63 

PituhiirKli 4.15  X  5  =  ait.:."!  75. '^4  54.4»  ri3.8l  -    .68 

Ihirlinet-m 4  0!  X  ft  =  3l).0.'i  75.19  ^,14  M  6fl  -    .4S 

Mali.n.iiitr 3.71  xe=  18  .'i5  71.18  i'>y.W  GO.)!.!  -  1.63 

TpiHT  Freeport  ...     8.MX6  =  1B.7'»  72.8.'i  52.95  51.63  -  I.:!2 

Jackwin 8.2SX  0=  16.ti>  70  73  .'4.63  53.78  -  1.84 

Hocking  VbIIcj....     8.84X0  =  16.70  68.03  51.33  49.64  -1.69 


I 


TIioso  figures  Inrlicnte  that  in  the  bitnmirons  coals  the  volatile 
bydrociirbou  (excluding  11,0)  is  equivalent  to  SCJf,  +  CH,.  or  to  ."S 
parts  C  and  1  part  II:  and  that  in  tbe  semi-bituminous  coals  tbfl 
volatile  hydronarhon  is  eqnivalpnt  to  fl!,,  or  3  parts  C  an<l  1  part  II. 
If  these  relations  should  hn  confirmed  by  other  coal  analyses,  they  may 
he  ust'TuI  as  a  crit,('rion  of  tbe  accuracv  of  tbe  proxiinale  analysis. 
Also  having;  the  ultiumtn  analysis  of  a  coal,  and  knowing  its  class,  as 
bituminous  or  senii-bitiiminou.i,  the  proximate  analysis  may  be  calcu- 
lateil  therefrom  with  sliglit  probability  of  error. 

I  quote  the  following  extracts  from  tho  paper: 

"  A  relation  between  the  fixod  carbon  and  tho  calorimotric  test 
wu  slatwl  by  Mr.  Kent  ('Heating  Value  of  Coal.'  Miu.  Ind.,  1RD*2, 
p.  OT);  but  the  results  of  our  work  do  not  appear  to  correspond  to  his 
figures.  .  .  .  Our  determinations  of  fixed  carbon  could  not  be  awH 
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for  estimating  Uio  calorific  power  within  any  aatisfactorj  limit  of 
accuracy." 

These  statemeiils  of  the  authors  refer  to  the  curve  which  I  plotted 
from  Mahler's  tt-st*  of  Kuropeaii  coals,  published  in  my  article  in  vol. 
i.  of  "  Mineral  ludufitrj-,"  and  to  the  table  which  I  deriviKl  therefrom. 

The  value  of  my  curvL-  aud  tabic  for  use  in  conui.'Ctiou  with  Amer- 
ican coals  having  bfcn  thna  called  tn  question,  1  have  been  led  to 
study  the  subject  util-w,  with  the  view  of  comparing  the  work  of  tho 
auihoi-s  with  llmt  of  Mahler  and  of  leaniinjr  whether  or  not  there  wa« 
any  essential  difference  between  the  American  and  Kiiropeau  coals, 
and  whether  a  curve  plotted  from  tesU  of  the  latter  would  be  of  any 
Talxio  when  applied  to  the  former. 

In  Kip.  7  I  have  plotted  a  portion  of  the  cun-e  derived  from  the  re- 
sults of  Mahler  Wtwecu  the  limits  of  65  and  G:J  per  cent  of  fixed  carbon, 
together  with  tho  results  obtained  by  Lord  and  Ilaas  on  coals  lying 
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FlO    7— ItKLATIon  OF  IlKATISn  VaI.UR        FiO,  8.— RELATION  OP  HhatiSO  VaI.UB 

TO  Peii  Cent  op  Fixkd  Carkon.  to  Per  C'est  op  Fixc-i  Cabbon. 

(T«»lB  nr  Prufs.  l^ord  anil  H«u.)  (lielterad  polDtn  are  avenges  of  Lord 

and  IIbu'b  t«sUi.     Numbered  pointa  are 
t«6t8  bjr  C.  W.  nuuglilon.) 

within  thoRame  limits.  The  dots  and  crosaeB  represent  the  individual 
tPBte,  and  the  (!mal1  black  triangles  the  average  figures  for  eachclasflof 
foal.  Kach  class  of  coal  ia  surrounded  by  a  boundary  line  allowing 
the  extent  of  variation,  or  whrtti  eall  the  **  field  "  of  each  coal. 

In  Fig.  8  the  same  portion  of  the  Mahlor  nnrve  is  given, with  the 
average  results  of  Lonl  and  Haas,  together  with  the  results  of  calori- 
meter tests  of  thirteen  different  varieties  of  coal,  which  were  made  for 
nie  last  year  by  Mr.  C.  W.  Houghton,  M.E..  assistant  in  Sibley  Col- 
lege, Cornell  University,  using  the  aUorimoter  of  Prof.  R.  C  Carpen- 
ter, which  is  described  in  the  Tranwietions  of  the  American  Society  of 
Mechanical  Engineers,  vol.  xvi,,  p.  U»40.  Tho  results  of  these  tests 
wei*o  as  follows: 
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OoAl  DtT  «td  Frse  from  Ailb 

Fixed  CftTbon.    BflktliiK  Vftlue. 

F«r  oMiU  UaJutIm. 

1.  TougLioghen;.  Pa 08.ft  88S0 

3,  Pituburt,'h,  Pa 00.9  78M 

8.  Vanilt-rpool.  Kj 91.5  8000 

4.  Brier  llili,  0 61.6  7890 

B.  Uocking  Vulley,  0 67.6  7830 

6.  Big  HuUdy.IU ^ 63.6  8080 

7.  Slreator.  la 06.9  78W 

8.  Ladd,  III 56.8  S170 

9.  SutuDvillB,  III 54.7  8060 

10.  Wiluuiigtun,  111 G7.L  7840 

11.  Mt,  Olive,  m 57.1  7610 

13.   ItiLliana  bl.>ck 61.4  78SO 

18.   ludiaua  luiup .  65.6  7070 

The  figure  for  Streator  coal  is  the  average  of  five  tests  of  samplea 
from  u3  muuy  different  car  loiitia,  the  ninge  beiug  from  7780  to  8000 
calories.  The  ti^ture  for  liig  Muiidy  is  the  average  of  two  lots,  wliich 
varied  170  calorifs;  and  that  from  Wilmington  is  the  avorage  of  two 
lots  vbicb  varied  80  calories.  The  oUier  tests  wero  of  only  one  sample 
each. 

The  plotting  of  these  tests  shows  that  they  cover  quite  a  MJde  field, 
and  teud^  to  coiitirm  the  conclusion  of  the  authors  that  the  hcnting 
power  has  no  dcHniie  relation  to  the  fixe<l  carbon;  but  it  will  be 
observed  that  the  general  trend  of  the  Hold  of  lloughtou'a  tests  is  in 
the  direction  of  the  Mahler  line;  tliat  the  maximum  deviation  of 
any  single  test  from  the  Maliler  line  is  less  than  5U0  cutorieB, 
or  about  6  per  cent;  and  that  Jlotighton's  tests  arrange  themselves 

ut  equally  on  each  side  of  tlie  Mahler  line.  These  tests  were 
imply  commercial  ones,  made  to  check  the  results  of  boiler  testa.  I 
am  inclined  to  believe  that  the  fignres  of  heating  value  are  much  more 
reliable  than  those  of  the  percentjiges  of  fixed  carbon,  for  the  lattt^r, 
as  Is  said  by  Profs.  Lord  and  Haaa,  ia  uot  easy  to  determiue  with 
accnracy. 

Fig.  7  is  especially  interesting  in  allowing  that  each  of  the  six 
classes  of  coals  t&'ite<i  by  the  authors  of  the  (mper,  witliiu  the  limits  of 
55  and  ft'l  per  cent  of  fixe^  carbon,  has  a  law  of  its  own.  Four  of 
these  clasaes,  the  Pittsburgh,  the  Lawrence  Co..  Pa.,  the  Jaekson,  and 
the  Hocking  Valley.  0.,  seem  to  liave  a  very  uniform  heatlug  power 
through  a  wide  range  of  variation  in  percentage  of  fixed  carbon. 
The  same  miglit  1«  said  of  the  Upper  Kreeport  coal,  if  the  two  teata 
which  give  less  than  8100  calorics  were  omitted.  The  four  Hamplca 
of  Thacker,  \V.  Va./coal  are  very  close  together,  both  in  heatlug 
power  and  in  jiercentage  of  fixed  carhou. 

In  Fig.  0  are  plotted  all  of  Mahler's  rcaults  between  the  limits  of 
47  and  07  per  cent  of  fixed  carbon.  A  boundary  line  is  run  around 
ull  the  tcsts^  and  the  average  curve  given  in  the  paper  in  *'  Mineral 
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Industry,*'  is  reproduced.*  Comparing  the  curve  witJi  the  pIottiDgs 
of  the  imlividual  testa  aud  with  tJie  boundary  enclosing  tliem,  it 
will  be  seen  that  they  justify  the  couclusioa  stated  in  that  paper, 
viz.,  that,  "  knowing  this  perceutatgo  of  tixed  carbon  in  the  dry  coal 
frte  from  ash,  we  may,  in  the  case  of  all  toula  containing  over  ob  pur 
cent  of  fixed  carbon',  predict  their  heating  value  withm  a  limit  of 
error  of  about  3  per  ceut." 

Fig.  9  shows  also  that  the  fijfuroa  for  I'ucahout.^  coal  obtained  by 
Lonl  and  Haas  all  come  remarkably  close  to  tlie  Malilur  tine,  all  live 
tests  lying  entirely  wiibin  the  Mahler  tieid.  The  average  ligure  from 
these  tests.  8751  calories,  h  only  49  calories,  or  less  than  O.ti  ]jor  cent, 
lower  than  the  figures  in  my  tabic  for  80  |>er  cent  of  fixed  earlhon. 

Another  thiug  sliown  by  Fig.  i*  i«i,  that  Lord  and  Hajis's  testti 
cover  only  a  small  portion  of  the  i-ange  of  composition  of  the  coals 
tested  by  Mahler.  Mahler's  tests,  excluding  the  lignites,  cover  the 
entire  range  beiween  58  and  97  per  cent  of  fixed  carbon,  while 
Lord  and  Uaas's  are  confined  between  55.7  and  G2.2  per  cent,  ex- 
cept the  fire  tosfcs  of  Pocahontis  coal,  which  are  between  80.1  and 
81.2  |>er  cent 

With  the  three  diagrams,  Figs.  7,  8,  and  9,  we  may  find  what  is 
the  probable  error  of  tlto  conclutiion  that  I  drew  in  !«!>-•  from  the 
stndy  of  Mahler's  work,  viz.,  that  "  knowing  the  percentage  of  filed 
carbon  in  the  dry  coal  free  from  asli,  wv  may  in  the  ca^  of  all  coal 
containing  over  58  per  cent  of  fixed  carbon  predict  their  heating 
value  within  a  limit  of  error  of  about  3  percent."  Excluding  the 
coals  that  have  below  58  jwr  ceut  of  fixed  carbon  in  the  combustible, 
the  variation  of  any  one  of  Lord  antl  Haais's  coali*  from  the  Mahler 
line  does  not  exceed  320  calories,  or  4  per  cent.  Taking  the  average 
figure  for  each  class  of  coaU,  it  falls  in  all  cmms  within  the  limiv  of 
3  |)er  cont.f  The  figures  from  Houghton's  testa  also  full  witliin  tlia 
limit  of  4  per  cent  variation  from  the  Mahler  line,  except  coal  No.  4, 
Urier  Hill,  0.  (of  which  only  one  test  was  made),  which  falls  400 
calories,  or  nearly  5  i>er  cent,  below  ilie  Mahler  lino. 

•  On  the  whole,  ihereforo,  I  consider  that  both  Lord  and  Haas's 
and  Uoughtou's  tests  arc  a  substantial  confirmation  of  the  conclusion 
'  I  drew  from  Maliler's  tests.  Taking  into  consideration  the  fact  that 
the  reported  percentage  of  fixed  carbon  is  very  apt  to  be  3  or  3  per  cent 
in  error,  1  am  disposed  to  hold  to  mr  original  conclusion,  at  least 
until  A  larger  series  of  tests  may  diow  t)iat  it  should  be  modified. 

*  Thtt  curv«  (i  plourd  rmm  tlie  tI^ur<M>  ^ivn  In  the  table  <m  y^p  48.  The 
avenre  nwulis  from  c«»l»  of  fnwr  oountiee  tii  Wynniing,  by  Slotwou  and  Colbum, 
have  beao  ailtlMl  to  tli»  diagram. 

f  'I'litK  wan  writMn  beforu  the  t«Rt8  of  the  Jarknnn  Co.  oiiaU  were  published. 
Two  out  i,f  thi*  fivo  Bani|>lM  gave  exo-ptionnDy  low  calnri metric  valued  as  relntvd 
to  tbfir  fixed  carl>on  percentaeo.  ooe  of  them  boiofr  6  pf^r  cent  below  tlie  Mahlrr 
lioe.and  the  Kveragt-  uf  the  Jackiton  Co,  coalu  tn  Tbuii  4  fwr  ccot  bclovr  the  line. 
The  Wyoming  flnaN.  now  rocluded  for  tb**  Qrst  ltui<;  in  llie  din^rata  lif  entirely 
oatflide  at  llie  Mahler  ftrld  and  appt-ar  to  belong  to  an  entirely  different  claas 
from  my  of  the  Eastern  coaN. 
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It  is  to  be  observed,  however^  that  the  Mahler  \\i\&  fuUu  nipidlj 
with  percuutagea  below  ti-  percent  o£  Uzwiuarbou;  aud  it  U  lueru- 
foro  to  be  expected  ttiut  below  thid  point  theru  wiU  b«  u  greater  ruuge 
of  Turiatiou  ixj  houliug  vuluo  tliuu  aUove  it.  When  tlie  vuluiile  (iiti(,t«r 
«xcted3  3S  ptir  cent,  an  lucrea^smg  proportion  ot  iL  id  oxygun,  aud 
the  reiulive  proportion  of  oJiygun  lu  liic  tiighly  volatile  coal  varies  in 
tlie  coalij  of  diUVrcul  diHlrictd,  Ufi  is  tibuwn  b^'  Lord  uud  Iluus'is  analy- 
ses. Thus  tJie  Upper  Kreepurt  coal  a^eragea  only  9.58  ]»er  cent  of  0 
(ill  the  coal  dry  and  free  Irom  uith),  while  the  Hocking  Valley  coal 
avoragea  Iti.lU  per  cent,  although  both  cuhIh  have  tlte  aamc  percent- 
age of  fixed  carbon,  viz.,  68  per  cent.  Full  credence,  therefore,  is  to 
be  given  to  the  conclusions  drawn  from  Lord  and  Haas's  tests,  that, 
vlicu  liie  fixed  carbon  is  less  than  C2  per  cent  of  the  combustible^ 
each  ctads  of  coat  has  a  law  of  its  own,  and  coals  of  any  one  class  may 
dilTtT  in  heating  power  from  the  coals  of  another  class  contAiniug  the 
Banie  percentage  of  fixed  carbon  to  an  extent  as  great  as  5  per  cent — 
as  in  the  case  with  the  Upper  l-'reeport  and  the  Uockiug  Valley 
oools.* 

Heating  Value  of  Wyoming  Coals. — The  following  table  is  con- 
densed from  a  report  by  Professors  K.  V..  Slosson  and  L.  C.  Colburn  of 
the  University  of  Wyoming,  Ljiramie,  Wyo.  (Special  Bulletin,  Jan., 
1895.) 
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Clou  Co 

At.  of  8.*.* .,*..' 

Carbon  Co 
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Ar.  of  7 

SwMlwBtflr  Co. 
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55.15 
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5.35  80  90 

14.28  a7.4ri 

8.63  »4.8(t 

18.55  95.0S 

14.70  54.30 

14.50  33.3d 


55.70 
49.  Oi 
SS.DB 

45.30 

44. -:o 

44  80 


495 

5.90 
6  36 

4  30 
4.50 
4.55 

1.80 
2  33 
a.  71 

6.10 
6.80 
7.85 


0.00 


7467 

8017 
9673 

7140 
537S 
6665 

7368 
5»4& 
S508 


. . .  6393 
.34  I  4966 
.i:i  I  4931 


CombiuUbto. 


.18  70 
60.67 
.i8.3fl 


8116  14.409 

70.-^5  jlS.ttM 
75731 18.681 


flo.7a.  786a:i4,i.'a 

fiSO.Ii  8.K7  11.831- 
50.63,  7540  |1S,&79 

«0.13|7Ms!l4,996 
55.111  7130  13.816 
00.63:  7432  18,379 

S6.88'  0587111,8.17 
56.31  6336111.887 
57.18' 6850111.400 


"  'I'Uc  arerkgB  liettiDR  ralue  of  the  J«clc»on  Co.,  Oliio,  ci>«ls  is  about  M  per 
c«nl  liiwpr  than  tliAt  uf  llirPiUsbtir^tioaU.  bittii  baTioir  about  Iho  sainepi-rrentaire 
of  fixed  carbon  to  tbc  combustible.  Ttie  lowest  iverajcR  value  fur  ibe  W^otninfp 
coals  (JobiiHoo  Co.)  6431  calurim.  U  ntmrlj^  t3  pi^r  cent  Iwlow  tke  arMnit;<- of  the 
Tpper  Frwjport  (Oliio  and  I'a.)  coals,  aint  tliediff^'P^rtce  betwA^n  Ibi-  liralint;  volu* 
of  the  JoliDsoii  Co.  and  tlio  Uinta  C<>.,  'VVvdtniii);,  coals  is  over  18  per  cent  of  th* 
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Tbe  figures  in  the  last  tliree  columns  have  been  calculated  by  ihe 
author.  The  tigurcK  in  Uil-  first  two  lines  for  euch  of  the  thrw  coun- 
ties  first  named  are  selected  so  as  to  show  respectively  the  coals  of  the 
highest  and  Uie  lowest  healing  value  per  pound  of  combustible  of  the 
Bauiples  teeteii.  They  ahuw  quile  a  lar^u  range  ot  variation  within 
the  limits  of  a  couniy.  'I'he  heating  value  ]ier  pound  uomhiiEtibleuppui'- 
ently  bears  no  delimlo  relutioii  to  the  puicentage  of  Itxed  carbon  in  the 
coDibustibie.  indicating  thai  tiie  quidity  uf  ibe  votatile  matter  is  vari- 
able. Coals  from  \V«stou,  Naii-ona,  Alhany,  Kreniont,  Sheridan, 
Crook,  and  Converse  cguuties  are  within  the  range  of  qaality  of  the 
coals  given  in  tiie  ubie. 

The  Mahler  citlorimuter  was  used  in  determining  the  heating  values. 
The  Cftlorific  Power  of  Weathered  Coali. — Slessrs.  It.  S.  Ilale  and 
Henry  J.  Williams  of  Boston,  in  Trans.  Am.  Soc.  M.  £.,  vol.  xz., 
1808,  p  3illt.  give  the  results  of  analy^^s  and  calorimetrio  t«Bta  (by 
Mr.  Willtauis's  bomb  calorimeter)  of  several  coals  which  had  been  ex- 
posed to  the  weather  for  eleven  months,  and  of  duplicate  samples  of 
the  same  coals  which  hud  been  sealed  in  glass  jura,  The  results  are 
condensed  in  the  table  on  page  Hi.  The  following  notes  are  cs- 
tracUid  from  the  paper: 

For  tests  of  line  coal  the  samples  were  ground  in  a  coffee-grinder, 
and  thoroughly  nilxetl  and  divided  into  two  pjirts.  For  t^sta  of  lump 
coal  the  coals  were  broken  into  lumps  of  about  nut  6ize.  and  ulteniatc 
lumps  taken  from  the  pile  to  form  two  samples.  Where  tests  of  both 
fine  and  lump  coal  were  to  he  niadt*.  one  sample  was  tightly  seiilod  in 
an  ordinary  pint  fniit  jar,  while  the  corresponding  somplo  was  exposed 
OD  nn  uncovered  balcony  out  of  doors  for  eleven  months  in  uu  un- 
covered tin  can  provided  with  a  diaphragm  or  bottom  of  fine  wire 
gauze. 

Rain  and  snow  fell  upon  Iho  coal,  but  the  wire  diai)hragm  permit- 
ted the  water  to  drain  off,  while  a  pa]>er  disk  placed  upon  the  wire 
gauze  prevented  the  coal  from  sifting  through  the  meshes. 

The  lump  samples  were  ex[)OBecl  in  pans  of  much  larger  size,  which 
were  provided  with  holes  to  let  the  water  drain  off. 

At  the  end  of  eleven  months  all  the  samples  were  analyzed  by  Mr. 
Henry  J.  Williams,  togellier  with  a  sample  of  Poeahontas  coal  that 
had  been  exposed  in  a  roal-yard  for  three  years,  and  one  of  Cumber- 
land coal  that  had  been  under  cover  for  three  years. 

In  these  atnOyscs  the  percentages  of  ash  in  some  of  the  exposed 
samples  are  unfortunately  loo  tiigh,  for  a  little  gravel  was  aciudentully 
washed  off  the  roof  of  the  houBe,  by  the  rain,  into  some  of  the  cans. 

Iiiglicr  vftltii?,  7.".73  cftlnriM. 
raogv  of  varlabilUjr  tliao  auj- 


Ttii'  Wy'iiiiini;  coot!)  hava  llicrfifor'' 
of  ttie  otlivr  co«U  wUicU  have  been  cod. 


B  tmr  frrHRt«r 
lideivd  ■bora. 
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This,  however,  in  no  way  afFecto  tlie  relative  percentages  of  combust- 
ible  matter  free  from  ash. 

Thti  Britisli  tlienniLl  units  ttm  calculated  from  the  analy&efi  by  tho- 
formula:  14GC  -|-  «'JO(iI  -  ^0)-|-  -iOS. 

The  average  of  tbe  results  obtained  shows  that  woathoring,  under 
the'  conditions  describwl.  dL-creiises  the  purceutage  of  carbou,  hydr**- 
gen,  nitmgen ;  iticr»uu?ri  the  percentage  of  oxygen,  and  doeti  not 
materially  alter  the  percentage  of  sulphur. 

A^tALTSRS   AND   HEATIKfl   TAT.ntW   OF     WUATnnnRD   AKD   ONWIEATItBREP   CO*t4l. 
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*  litiloom  thrw>  y«m,T*. 

X  sn.  UO,  auil  4/7.  IcMB  In  aUeulAtcd  raluM. 
bir  tMfti. 

I{eferenc«  letters:  U.  C,  «tr..  uowt^Atliered  ooala;  Ax,  1>x,  «tr.,  nratL^rMl  rnsls; 
B.  A,  i\  I).  Tivrkville  lump.  Portland.  Ohio;  P,  E.  Pitisbnrff.  I'a  ,  fine;  K,  S,  do., 
lump;  1.  H,  Now  Kiver,  \V.  V».,fln».;  K.  J.  Nicltfl  Platp.  fine,  MrI>on»!d,  Pa.;  O, 
N,  do.,  lump  ;  I.^  M.  O,  Oeorges  Crtwk.  fumbwrliuid,  Md.,  flne:  Po,  PocnltuuUs. 
Va..  fiae. 

The  uoncIuaionB  to  be  drawn  from  an  examination  of  the  reenlts 
shown  are; 

lat.  That  weathering  decreneog  bv  ahont  two  ppr  cent  the  theoret- 
ical ciilorific  power,  as  calculat-od  by  Dnlong's  formula. 

2d.  That  weatboring  decreases  by  alMnit  one-lialf  of  one  per  cent 
the  actual  or  tnie  calorific  power,  as  shown  by  the  three  resnlts  ob- 
tained with  the  bomb. 
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^^^          The  wealts  obtaiueU  bv  MesHw.  Uala  and  WiUiumti  are  plottotl  oa 
1           the  diagram  given  below,   with  relation  tu  the  lixtHl  carbon  in  the 
1          combustible,  together  wiLh  llio  cni-ve  obtained  from  Mahler's  testa. 
1           The  diagram  shuws  t!mt  nil  the  coats  contaiuiiig  over  59^  tlxed  car- 
1          bon  in  tlie  conibusjtible  aru  within  3^  of  the  corrcspouding  position  in 
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the  i;«rvp,  with  the  ext-eplion  of  the  result  calcidatt^d  from  the  ulti- 
mate analysis  of  the  leathered  coal  D.     The  exception  is  apparently 
dne  to  an  ftrror  in  the  analysis.     The  proximate  analysis  of  tbiB  coal 
shows  an  increase  in  the  fixed  carbon  by  weathering  of  3.G8^,  referred 
to  combustible,  while  the  ultimate  annlysis  shows  a  decrease  in  the 
total  carbon  of  0.90^.     These  figures  appear  incompatible. 

Tlie  coals  containing  less  than  59^  fixed  carbon  show^  In  most 
cusefl,  a  vide  divergence  from  the  curve,  tending  to  coufmn  the  con- 
clusion drawn  from   the  work  of   Tjord  and  Haas,  that  among  the 
highly  volatile  coal«  fa*^h  class  of  coal  has  a  law  of  its  own. 

Coals  AB  and  CD,  both  said  to  be  Portland  lump,  frum  Yorkrille, 
Ohio,  show  such  a  great  difference  in  percentage  of  fixeil  carbon  and 
in  heating  value  that  they  appear  to  belong  to  entirely  different  classes 
of  coal.     It  would  bo  interesting  to  know  whether  these  saTUples  came 
from  the  same  seam  or  from  different  Reams.     If  from  the  same  m&vn, 
the  flgnres  would  indicate  that  the  conolnsion  of  Professors  Lord  and 
Haas,  that  the  coals  mined  from  one  seam  over  a  considerable  area  of 
country  have  a  nearly  uniform  heating  value,  has  some  exceptions. 

It  nhonld  be  noted  that  the  loss  in  heating  vulue  per  pound  of  the 
combuHtible  portion  of  the  ooul  may  not  be  a  true  measure  of  the  actual 
loss  in  heating  value  of  the  whole  of  a  given  lot  of  coal,  for  l>eeidee 
the  loss  in  heating  value  jwr  i^ound  there  may  be  also  a  loesin  weight, 
and  this,  if  aay»  expressed  ea  a  porconioge,  should  be  added  to  the 

loss  in  heating  value  jior  ponud.  On  ttie  other  hand,  there  may  lie  a 
gain  in  weight  duo  to  oxidation.  lu  moat  of  tlmse  sampleji  the  oxygen 
seems  to  huvc  increased. 

Weathering  of  CoaL — Tho  jiractical  effect  of  the  weathering  of 
coal,  while  sometimes  increasing  its  atjeoliite  woigbt,  is  to  diminish 
tlic  quantity  of  carbon  and  disposable  hydrogen  and  to  increase  the 
quanttly  of  oxygen  and  of  iudisposuible  bydrogen.  Hence  a  reduc- 
tion in  the  calorific  value. 

An  excess  of  pyrites  in  coa!  tends  to  prodnco  rapid  oiidation  and 
mechanical  disintegration  of  the  mass,  with  development  of  heat, 
loes  of  coking  imwer,  and  Rpont-aneous  ignition. 

Tlic  only  appi'eciabic  results  of  tlio  woathcriug  of  anthracite  witbin 
the  unlinary  UaiiLs  of  ex|K)Sure  of  stocked  coul  are  coulined  to  the 
oxidation  of  iU  a<*eaaor}'  pyrites.  In  coking  coals,  liowover,  weatlier- 
ing  reduces  and  finally  destroys  the  coking  i>oit(t,  wbile  the  pyrites  arc 
(-onrertt'd  from  ILc  state  of  bisulphide  into  comparatively  innocuous 
Gutphatee. 

Kichtors  found  that  at  a  temperature  of  158*  to  180°  Fabr.,  three 
coala  lost  in  fourteen  days  an  average  of  3.Cjf  of  caloritlc  power. 

It  appears  from  tlie  expeiimctits  of  Kicbters  and  Reder  that  when 
there  is  no  rise  in  the  tempcratnro  of  coal  piled  in  heaps  and  left  ex- 
posed to  the  air  during  nine  to  twelvu  mouths,  it  undurgooH  no  sensible 
change  in  any  respect;  and  that,  on  the  other  hand,  when  the  cool  bo- 
comea  heated,  it  suffers  precisely  the  same  kind  of  change  that  waa 
found  by  Kichters  to  be  efffcted  iu  coal  by  beating  it  in  contact  with 
atmospheric  air  to  a  comparatively  low  temjierature,  namely  loss  of 
carlwn  and  hydrogen  by  oxidation  n)id  increase  of  the  absolute  weight 
of  theooal  owiiif;  lo  the  fixation  of  o.\ygeu.* 

Compoiition  and  Heating  Values  of  German  Coali. — The  table  on 
pages  117  and  1 1  !t  is  ahstractLHl  from  a  i'ii[M!r  by  11.  Bunte  and  P.  Eitner, 
iu  '*Zfit.ichrift  des  Vereines  Dentschor  Ingenienre,"  May  26,  1900. 
In  the  original  the  healing  values,  as  dctonnined  by  the  Mahler  calo- 
rimeter and  a&  calculatpd  from  the  nltlmato  aTialysig,  are  reduced  by  a 
"correction"  for  Urn  latent  beat  of  evflporation  of  water.  The  for- 
mula used  in  the  calculation  from  the  aiiJiUVis  waa  8104-250(11— 10) 
-\-  258  —  6W,  in  which  C,  H,  0.  S.  and  W  are  respectively  the  percent- 


^Reports  of  2(1  Oeoloiriral  Barvf!r  of  PRiiDfijrlTiuiia,  tol.  M.M  ,  p.  118;  also 
Pen-r'«  "Metallurgy:  RcfriwHorj-  Mitfiisls  and  Fiiftl,"  1873.  8e*  alj<u)  iwitMT* 
bj-  It  P.  l{<it>iwen,  Trnnf^.  A.  I  M.  E..  vol.  It.  p.  55.  an<l  hj  I.  P.  KlmbaU, 
Trans.  A  I.  M.  R.  voL  vUl.  p.  204. 
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ages  of  carbon,  hydro- 
gen ,  oxygen .  sul phur, 
anil  vater.  In  the  table 
beru  giveu  tlio  heating 
Talncs  are  those  calcu- 
latcil  frnm  llie  unitlvses 
by  Diilong's  formnltt, 
witbont  the  correction, 
in  order  to  mnke  thuixi 
comparable  with  t)ie  re- 
snltfi  of  Mahlor  and  of 
IjoM  and  Huas.  In  the 
at^coni])aiiying  diagram, 
these  heating  values  arc 
plotted  Together  with 
the  curve  deduced  from 
Itfahler'a  figures,  for 
comparison. 
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Selection  of  Coal  for  SUam-'boileri. — Tlie  Belection  of  the  kinil  of 
»1  to  be  iiseil  in  auy  (.nven  boik-i'-plant  depeuda:  1,  on  tlie  relative 
cost  per  toil  of  the  difTcrent  kinds  delivered  at  the  boiler;  3.  on  their 
relative  tobil  heating  vahic  per  ponnd  or  por  ton;  3,  on  the  relative 
pert'entflKO  of  the  heating  value  which  may  bo  utilized  in  the  boiler; 
4,  on  the  mnxiniiiiii  ca|)aeity,  or  horae-jwwer,  which  may  be  developed 
hy  thf'  boilers  with  differftnt  roalc;  5,  on  the  relative  cost  of  liaiidliug 
the  different  coals  and  tlie  ashes  prodnced  from  them ;  and  fi,  on  their 
[Telative  amokeleBineBa  when  nsied  in  the  particular  boilers  and  furnaces 
onder  consideration. 

In  some  locations  only  one  kind  of  coal  is  practically  available,  as 
Tfhen  the  boilent  are  located  near  a  coal-mine,  all  other  kinds  being 

itively  too  high-priced  on  acconnt  of  the  freight  that  must  be  paid 
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on  them.  In  snob  caaes,  for  the  best  ree^ults,  the  furuace  aiid  iho 
draft  Diuat  bti  atlapted  to  the  coal  ut  hand.  If  the  coal  is  of  poor 
quality,  the  grate  siirfaco  must  bo  large  relativt'lv  to  tlie  beating  snr- 
face.  If  it  \6  uiitbracite  p«u  or  culm,  the  dnifl  uiuhI  be  titroug,  anil, 
onleas  the  grate  surface  iit  very  large,  mechanical  Oraft  may  Iw  nec- 
essary. If  the  cool  is  bittimiiioue,  the  ai'eu  of  the  grate,  in  pro|X)rtioit 
to  the  heatiug  Burfacu,  wilt  ilupeud  ou  the  quality :  the  )>uurur  Uju 
quality  the  larger  the  grata  reqiiiroil.  In  other  locJitions  nmiiy  liilTerent 
varteiie^  of  coal  may  be  available,  and  then  all  of  the  |>oint8  al>ovc  euu- 
merated  amy  have  to  be  Uikeu  into  tu^couut  in  making  u  selection. 

Usually  the  cool  which  ia  nohl  at  the  lowest  |irice  jwr  ton  is  the 
most  ecouiimicid  one  (or  those  furnuccs  and  boilers  that  arc  adapted  to 
it.  Its  pricu  is  apt  to  bt*  depreciated  below  the  normal  price  due  to  its 
heating  value,  l)ecau£;c  its  market  is  limited  by  the  tuini]>or  of  boilers 
to  which  it  is  adapttxl,  aud  also  by  the  cost  of  freighting  it  to  more 
distant  niarketis.  Freight  charges  being  the  Hanie  iter  ton  on  poor 
as  on  good  coal,  it  does  not  pay  to  haul  {Kwr  coal  long  distances;  it  is 
belter  to  sell  it  ut  a  relatively  low  price  in  nearby  markets.  On  the 
other  hand,  good  coals  aro  apt  to  be  relatively  overvalued  In  the  market, 
since  they  can  be  need  in  all  kinds  of  fiimuces,  arc  more  desirable  in 
every  way,  and  they  may  be  tran8]«rted  long  distjiiice»  to  find  the  best 
markets.  On  this  account  a  boiler  and  furnace  should  be  adapted, 
whenovpr  possible,  to  nso  the  poorest  kind  of  coal  in  the  market. 

IJut  tltis  is  not  always  ])Ossible.  Th«  boiler  and  cliimney  being 
already  in  place  and  the  requirements  of  the  engines  being  such  that 
the  boiler  must  be  driven  to  its  maximum  capacity,  then  a  coal  must 
be  selected  from  which  this  maximnm  capacity  may  be  oblainud. 

For  maxininm  evajwration  jtor  ponnd  of  coul,  that  coal  should  be 
selected  in  which  the  proilnct  of  il^  total  heating  value  per  jiound  by 
the  percentage  of  this  heating  value  which  may  be  utilized  by  the 
boiler,  is  a  nuixininm.  For  instance,  su])poiio  an  anthracite  cgg-eoal 
of  a  heating  value  of  I3,00()  heat  units  per  |ioimd  and  a  good  bitunn- 
nouB  coal  of  1-1,000  heat  nnits  are  equally  available,  but  Uie  furnuut  is 
snch  that  the  boiler  will  give  75  per  cent  efficiency  with  the  antltracite 
and  only  GA  per  cent  with  the  bituminous,  then  the  relative  values  of 
the  two  coals  for  that  particular  boiler  aro  975  for  the  anthracite  ami 
910  for  the  bituminous.  If  asemi-bitnminouscoal  with  aheating  vtdue 
of  14,500  heat  units  is  also  avaiUble,  and  tho  boiler-cflliciency  witli  that 
ooal  is  70  per  cent,  then  itj*  relative  figure  will  be  101.5.  If  maximum 
capooity,  rathtir  iliau  economy,  is  the  prime  consideration,  then  tho 
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bitiimiiiuua  eoal,  with  the  lowest  relatiro  economy  of  the  three,  may 
be  selected  if  it  is  fotmd  that  it  is  aioru  frec-burniug  thau  ilie  otbciti, 
80  tltiit  a  larger  quantity  of  it  uiay  be  burucd  iu  the  furuaee  with  the 
draft  that  ia  available.  If  economy  of  cost  ia  the  chief  couside ration, 
the  boiler  haviug  ample  capacity  with  either  fuel,  then  that  coal  will 
be  selected  which  cvaporatee  the  most  water  for  the  Iwiwt  money,  or  in 
cuiio  of  the  tliTOH  coals  uouaidorud,  the  one  in  which  its  price  per  ton 
divirletl  by  '\t»  rohitivo  vahio  figure,  975,  &IC>,  or  1015,  an  the  case  may 
be,  is  the  least.  If  their  costs  per  ton  are  rcapectively  *1.95,  ^l.MiJ, 
and  *2.03,  then  the  prices  of  the  coala  are  directly  proportioned  to 
their  available  actual  values  for  the  particular  caito,  and  as  far  as  cost 
is  coucerncd  it  ia  a  matter  of  indifference  which  is  selected.  The 
selection  may  tlien  depend  on  the  triiling  dillerencc  between  the  coals 
in  the  relative  cost  of  hnndliug  them,  or  in  liandling;  the  ash  made 
from  them,  the  bitiinnnons  coal  usually  requiring  the  greater  labor  on 
the  part  of  the  fireman.  If  the  hjcatiou  is  in  a  city,  where  sriioke  is 
objectionable,  the  anthracite  coal  may  l>e  selected  on  account  of  its 
smokelessncss. 


APPENDI.X   TO   CHAPTER  V. 


TESTING   THE   BELATT^T.   TALPE   OP   DrFPERE-VT  COALS.* 

Tlie  writer  retTiitly  liad  occjisinii  to  make  a  test  of  three  different  lots  of 
ooal  fur  the  jmrptHiu  of  ilvturiiiiriiiitf  their  n^Iative  fuel  value,  to  be  uci^hI  ax  a 
buis  of  a  very  liir^'f^  contmct.  During  the  tr-sls  somv  facts  were  learned 
wliich  may  prnrr  of  imprfrrmiec  in  other  aitnilur  tt'sls,  ftn<i  which  show  that 
the  a[i|)(irent  fiipl  ralue  ns  ileiermhiett  by  a  single  series  of  boiler  tv»l<>  tinder 
uniform  cotHiiiioiiji  may  not  be  the  true  relative  value  in  netual  use. 

This  K«neral  fact  v.i»  shown  by  the  wriipr  in  a  paper  rf  ad  at  the  Cleveland 
meeting  of  the  Ameriean  Society  of  MechAiitcal  KuKineera  in  l^J^S,  on  the 
•' Evaporative  I'ower  of  Hiturainous  C«»ftl,"  in  whinh  pajwr  he  criticised  the 
OOAI  tests  made  Tor  the  f;oTemmeni.  under  the  direction  of  Quarli'riniiKter- 
Oeneral  M.  C.  MeiRS,  and  iihowed  llml  the  relntire  v.-dne  of  many  biinniitioua 
onals  as  shown  by  these  tests,  in  onifUinson  with  itnlhrnrire.  was  far  )t«low 
their  real  rwhilive  value.  The  statcmt-nt  wiis  th*.*n  made  that '•  the  relative 
valu«  of  bituininoti!*  coal  is  a  variable  quantity,  depetidiitK  upou  the  condi- 
tioiiB  under  which  it  is  bitrned." 

Thus  one  PiitsburR  Ijituniinous  conl  testeil  by  General  Mei^s  gave  a  value 
of  0*J.8,  as  compareil  with  100  for  iinthmeite.  when  te«i«l  in  one  boilir.  snd 
the  same  coal  a  valiiP  of  only  76.3  when  ti^lt-d  in  nnorher  hoiler.  J<ibimon's 
tests  in  \MA  gave  I'itisbur^j  conl  a  value  of  80,  and  liabcoek  .V  Wiioox  Com- 
pany's tests  in  16^3  g&ve  it  a  value  of  99.  G,  as  compared  witii  100  for  anthra- 
cit«. 


*  An  article  bj  the  author  published  in  77i«  Smjiutering  and  Ifining  Journal, 
July  10.  1890. 
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It  is  quite  common  lo  suppoau  tlmt  if  two  cohIh  uro  li'Sted  by  buniing  them 
uudtjr  Ihti  siuue  stt^am-Uiiler,  uiiiJer  unliiutry  averugu  couditKius,  tbv  urt-u  at 
grau,  exteut  of  lie»iiiig  surface,  tiei^^ht  of  vljtniiie>,  etc.,  remaiiniig  tbv  samv, 
aDd  one  coa!  evaporau-s  &a,v  dighi  jiuutidft  of  watur,  vr|]ilt>  tlie  ochfr  t-vu)jurMlus 
ouly  SfVuii  iiuumls,  tliiiL  lUu  Qriit  uuul  bus  u  Litfiier  fuol  v:i]iiu  Lliau  llie  bt-uoiid 
in  till)  ratio  of  c>iglit  lu  seven.  It  lun;  or  may  tiut  bt-  IruL'.  but  if  it  sliuuld 
afterwards  Im  found  tliai  by  cliiuigtii^  i]ie  coudiiioiis  fi>r  i^acii  cval,  as  by  altvt'- 
liig  the  ratio  of  healing  i«  ^nito  oorfact*.  by  checking  ur  iiicrea»iug  (tie 
draft,  or  otherwise,  an  tLai  a  set  of  condiiioiis.  differeut  for  Ibo  two  coals. 
mi^ht  bo  found  wtiivli  would  give  a  maximum  performance  for  each  coal,  and 
the  eva|)oration  of  one  coal  increaaed  from  oigbt  to  eight  and  one-half  p^uiids, 
while  that  of  tho  socoiid  was  increased  from  (teveii  U)  uine  |touii<]R,  then  the 
verdict  that  the  first  coal  was  tlie  better  would  be  revorsed.  Tiiu  tiew  state* 
ment  would  then  bo  tuade  that  the  second  was  the  twttcr  in  the  ratio  of  niue 
to  eight  aud  otiobatf. 

Id  the  tests  under  coDsJdcratlon  it  was  fonnd  that  not  only  is  the  fnel  ralue 
of  a  coal  dependent  on  ihe  boiler  and  its  proportions,  on  tho  dmft,  and  on 
the  fireman,  but  that  in  a  test  with  the  same  ttoiler,  under  the  same  condi- 
tiona,  and  with  the  same  lireinaii,  the  ligures  uDtainod  in  a  boiler  test,  and 
even  in  two  tests  of  viwh  coal,  would  lend  to  i-rrcHieous  coiiclusinnH  concerning 
Ibe  relative  valuy  of  the  two  coals,  if  these  ligurtw  wefe  not  corrected  by  Uie 
t£i':irw:y  o/ the  buikr  as  uhowu  iu  tho  several  tests. 

The  following  are  t)ie  nriucipal  figures  from  tho  record  of  the  tests  of  Ibe 
three  Iota  of  coal  referred  to.  The  tests  lasted  from  01  to  &|  hours  in  eacU 
cane. 
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The  boilers  were  two  ordinary  horizontal  tubtitar  hollers.  S  feet  diameter 
and  16  feet  long,  each  with  52  4-inrb  lulws.     Each  boilt^r  hnd  a  sepjirat*  iron 
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cbimiioy  "iS  inches  diaoiotcr  and  50  foot  high  above  tlie  gnito.  At  10  square 
fuvt  or  healiDg  surfaue  per  borae-power,  liiie  two  builerii  aliould  develop  S02.4 
borso-jwwer. 

TLv  (bix-e  coals  were  almost  idL'tJllcal  in  appeuraucc,  all  beicig  Tory  frinb!« 
imd  bright,  s«mi-biluiuiDuus.  A  proximate  amilysis  made  aubKe<|tieitt  to  tbe 
boiler  t«st  from  sampluB  solucted  uuriug  tbe  tests  gave  tbo  CoUowing  analysis 
mado  oa  dry  coal : 

Omi.  a.  b.  ol 

Fixed  carbon 77.17  74.38  74.39 

Volatile  Dinltur » 17.49  IfiUB  1797 

Total  coinbiMlible 94.66  UU.OS  9S.SQ 

Ash S.34  9.38  7.74 

The  proportions  of  the  boiler,  grate,  a&d  chimney  being  jtidf^d  as  about 
right  for  developing  the  rate*!  horse-power  wilb  good  Cfoinmiy.  it  wj\h  deter- 
tniiied  lo  miikc  a  iriitl  of  The  three  coats  under  llic  m£ixiiiiuui  dnill  wbicb  the 
cbitiiDtfy  would  give,  and  to  preserve  the  conditions  of  the  tbrvc  tests  as  uui- 
fortu  as  possible.  The  filing  was  oaxefuLIy  watched,  to  avoid  tbo  possibility  of 
air-boles  beini;  form«;<l  ni  the  rear  of  tbo  grate  or  in  tlie  corners;  hd  even  bed 
of  L'oaLs  10  or  12  inches  thick  was  steadily  carried,  and  the  top  of  the  bed  was 
railed  only  v«;ry  Bhubily  and  at  long  intervals  to  check' the  slight  tendency 
irbicli  the  coal  bad  to  coking  on  tlic  surfnce. 

Coal  A  wa.s  first  ivsu-d,  and  prcivetl  to  Iw  a  remarkably  good  coal,  burning 
very  freely,  and  making  itlmust  no  clinker,  tbe  tine  wliite  .-isbes,  with  a  por- 
tion of  tliu  black  friabl<r  coal,  falling  .■.leadily  ihroiigb  the  grates,  and  the  ash- 
pit remniuiug  bright  for  si-veral  hours  after  slutting.  The  grates  required  a 
slight  cleaning  by  a  slice-bar  only  once  during  the  te»t. 

The  results  sliotv  an  evaponition  of  9.311  pounds  of  water  from  and  at  213 
degrees  per  pound  of  coal,  and  10.107  pontKis  per  pound  of  ctnnbuattblc — not 
as  much  by  from  10  to  15  per  cent  as  wuuld  Ik-  expected  under  the  conditions; 
but  the  deticiency  was  explained  by  n  very  high  (eni|>craturu  of  the  chimuey* 
gnses.  considerably  over  tisO  degree.s  by  the  mercury  tbernjometcr.  The  pyro- 
meter niifortunati'ly  got  out  of  order  during  the  test,  and  its  figures  were  un- 
reliable. The  rate  of  evajKiration  per  square  foot  of  bentiiig  surface.  4.y8 
pounibi,  would  scarcely  aceonnt  for  the  high  temperature,  and  the  cuns^^  was 
iifterward  fount!  to  fw  a  faulty  .setting  of  the  l>oiler,  by  which  the  li>wer  rows 
of  tuties  wprp  nnide  partly  inelTectJVe,  the  nfijwr  rows  carrying  off  the  bulk  of 
the  gases  at  a  high  velocity  and  lein[>oraiure.  This  condition  btiiiig  constant 
during  all  rlie  reats,  however,  it  did  not  inierfore  with  tlie  test  of  the  relaiivo 
Vftlttn  of  the  coals,  llie  ca|>acity,  Sfh'5.9  horse-power,  was  S5  (>er  cent  at>oro 
the  rated  capacity  of  the  boilers,  estimating  it  at  10  square  feet  per  horse- 
power. 

Ttif  lesHori  to  be  drawn  from  thi.-*  test,  in  addition  to  that  learned  about 
the  im[N.'rfect  setting,  was  that  with  tbo  same  setting  better  economy  of  coal 
could  tH.-  iriiined  l>y  re^Inong  the  boil'T  capacity,  either  by  checking  tbu  draft 
or  by  rcbieinv:  the  area  of  gnile  snrf.'ice. 

The  tent  of  coal  H  vcaa  then  proi-ci-ded  with,  the  conditions  beiug  un- 
changed. The  coal  acted  very  differently  from  «M>al  A.  Clinker  was  soon 
formed,  and  the  grates  required  frequent  slicing  to  allow  enongb  air  to  be  ad- 
mitted to  bum  tlie  coal  at  a  rate  sufficient  to  cause  the  boilers  to  develop  their 
rated  capacity. 

The  results  gave  a  capacity  of  only  199  horse-power,  or  less  than  the  rat* 
ing.  The  evaporation  per  pound  of  coal  wim  only  8.M5  pounds,  or  03.06  per 
cent  of  that  ublain«]  with  c<Mtl  A,  while  the  efliciency  as  shown  by  the  eva|>- 
oration  per  pound  of  combustible  was  also  nearly  1  per  cent  less.    The  bigb 
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temperature  of  the  chimney-gnses  eontintied.  the  tliermometer  riaing  to  880 
degrees  berore  removal  to  prevent  its  brenkage,  but  aot  ho  raj^idtv  as  iu  tbe 
previoiiB  test-  The  amount  of  ashes  obtuii]4:ii  in  tlie  builcr  tcKt,  14:.0  per  cx'tit, 
&i  agaiost  4.43  per  cent  witli  uoul  A,  left  ua  tlnubt  ta  to  tbe  iuferiuriiy  of  cuai 
B.  It  gave  7  per  cent  less  eoouomy  while  reUuciug  tbe  boiler  capacity  ueaily 
S5  per  cent. 

Coal  C  tvu  then  tested  under  the  same  coadltions.  It  burned  so  Dearly 
like  coal  A  that  no  difft^rcnce  could  be  observed  for  two  ur  Ihr^H;  huurs.  when 
it  was  iiolic*>d  that  tlic  ash-|jit  was  becomiug  dark,  and  tliat  evapomtion  was 
not  proceeding  quite  so  rapidly  as  at  Grat.  Tbe  (Ire  waa  bect'ining  a  liiiie 
Alaggiah  through  accumulatiou  o(  asties.  Tlie  bars  requiri'd  r/i  be  slicei.]  two 
or  three  times  duriug  the  tost.  Thu  rusult  showed  tiearly  221  I  iiorsc-iM>wer, 
13  per  cent  less  thau  with  coal  A.  but  thi^  evaporation  of  water  por  [touud  of 
coal  was  almost  exactly  the  same.  9.303  lbs.  as  compareil  with  fl.iill  llw.,  and 
the  apparent  relative  raluo  of  the  coal  v:\s  99.9  per  cent  of  thai  of  coal  A. 
The  evaponitiuti  of  water  from  and  at  313  degrees  per  poand  of  combustible, 
huwovor.  wius  bii^liLT  iliau  that  with  coat  A,  iu  the  ratio  of  10.311  to  10.167 
lbs.,  or  as  100  todSUU. 

It  was  'lulte  evident  that  the  incroaiod  cfBeiency  of  tbo  boiler  when  coal  C 
was  tested  was  due  to  the  ashes  of  the  coal  clioking  the  passage  of  air  through 
the  Are  just  Ut  such  an  extent  as  to  cause  the  coal  to  bo  burm-d  more  slowly, 
under  the  given  oonilitions  nf  graie  area,  setting  of  boiler,  and  ctiimnt-y  drafts 
and  so  itlowiy  as  to  allow  of  more  of  the  heat  proiliice<l  being  absorlied  by  the 
water  in  the  boiler  and  to  allow  leas  of  It  to  pass  up  the  chimney. 

It  was  reasonable  to  infer,  theraforo,  that  if  coal  A  hail  been  bnrned  more 
slowly,  as  it  raisthi  have  bean,  by  a  slight  chectcinjj  of  the  chimney  draft  by 
the  damper,  the  boiler  would  have  sliowii  aa  high  an  efficiency  as  it  did  when 
coal  0  w.»3  tested,  and.  perourUra,  that  If  ooal  O  had  bwn  btirnL'd  as  rapidly 
AS  coal  A.  the  plfldiency  *>f  the  boiler  with  coal  0  would  have  boon  ;i8  low  as  it 
was  with  coal  A.  We  may  rJion  st.'^te  the  probbm.  if  coal  O  .sboweil  a  fuel 
value  of  99.9  x^  comparwd  with  onal  A  when  tbo  boiler  efficiency  was  relativnly 
100,  what  would  it  show  if  the  edlRiency  was  reduced  t.o  9SA  f  and  solve  it  b/ 
tho  proportion; 


Kfl'FC. 
100     ; 


Etty  A. 
98.0  : 


c. 

99.9 


CcnrrrcML 

:     98.50. 
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The  figure  9S.50  may.  therefore,  be  taken  as  the  corrected  relative  value  of 
coal  U  as  compared  with  coal  A. 

The  two  coah  were  testetl  again,  an  shown  in  tho  table,  testa  4  nnd  H.  the 
conditions  being  ciianged  by  rediifling  the  grate  fliirface  from  m.fi  sqnsre  feet 
to  i-i.'i  nrjuare  feet,  and  thereby  increasing  the  ratio  of  heatinir  to  gr.ite  «nr- 
face  from  3D.8  to  48.9.  In  other  respects  ibo  conditions  were  preserved  aa 
nearly  na  possible  the  same  as  in  the  form<?r  tests.  As  was  expeer*'.!.  fho 
oi'CUftI  evaporation  from  and  at  '2Vi  decrees  wa.-*  increased  for  both  coaln.  from 
fi  :J1 1  to  U.  1 19  for  coal  A,  and  from  «.:{03  to  9.495  for  coal  C  Tbe  relative 
einyi.»ncy  of  tbo  boiler  was  aUo  incrensed  from  10.187  to  10.314  for  coal  A, 
and  from  10.311  to  10.400  for  coal  B.  Comparing  the  pvaporntion  i>er  pnnnd 
of  coal  in  t*8ts  4  and  5,  tbe  apparent  relalivo  value  of  coal  C.  i.s  lOO.t^l  insteiid 
of  99,9  as  it  appears)  in  the  ooinpjirisou  of  twts  I  and  3.  thns  rerersing  the 
oonelnsioT)  which  might  hare  been  drawn  from  the  latter  tests,  which  «howed 
that  eofti  0  was  one-tenth  of  one  ppr  cent  inferior  to  ooal  A.  and  malcing  it 
apppar  that  it  was  eight-tenths  of  ono  per  aiut  .-^uiverior. 

Th^  relative  efUciency  of  thr  boiler  in  losts  4  and  R  was  97.r.9  for  oonl  A 
and  100  for  coal  C.  Making  tho  eornwtion  as  liefore  for  relaliv*'  effiflii^nries, 
we  have  the  problem,  if  coal  fl  gave  a  relniivi-  value  "f  100.81  whpn  the  boiler 
effloicncy  w.as  100,  what  would  its  value  lie  if  ibi.>  efficieucy  was  97.59?  and. 
tho  proportion 


irhicli  figure  UKrees  as  closely  ua  should  be  eipreteJ  with  tho  corrected  rela- 
tiTv  vidue,  0450,  found  in  tvsts  L  aud  '6,  and  tLv  avcRigu  of  tliesL*  rc^ult^,  or 
WA4,  may  be  taken  as  the  true  relativo  fuel  valuu  ufcoalC.as  comjuii-ed  wilii 
IDO  for  oual  A. 

The  aiD^lc  test  of  coal  B,  which  showed  a  relative  fu*.-l  valuo,  as  compared 
vtxiU  A.  of  93.06,  gives  a  value,  when  similarly  correcCeil  for  buiU-r  cfHot^-iicy, 
of  u:i.90. 

Ihe  three  coals.  A,  B,  and  C,  being  ot  the  Aatne  genend  quality,  as  deter- 
mined by  the  rt-l&tive  pcrcentago  of  flxed  curboii  atid  vabtiie  matter,  shown 
by  nualysiii.  di£[eriiig  otily  iu  tticir  perccuta^ju  uF  a^h,  it  would  naturally  be 
espccttid  that  theii*  inu-  rclulive  fuel  value  tti  practice  under  the  bt-Ki  available 
conditiutia  fur  uach  (.x>id  would  bu  in  dirt'ct  proportion  to  the  percentat^e  of 
total  ci>nibustibK!  matler  actually  burned  iu  tht'  boiler  test,  which  is  found  by 
subtnictiuK  the  ash  and  rcfuw)  withdrawn  from  Ihe  ftra  duritiR  the  test  from 
lOU  por  ccut.  Making  tht-  calculation  of  relative  value  on  tins  basia  we  fiud 
a  uioat  rcuiarkable  comcideucc,  as  follows: 

^^"'  **•         i„,L  No.  i.        Ui>l  Nob. 

Conected  value  by  boiler  ttit,  A=  100... 93.iW  9y.S0  tlS.88 

Kelative  valuv,  by  per  cent  cuuibuidibk-,  A  =  100    08.91  im.00  96.37 

It  will  rot  be  wife  to  conclude  from  this  coincidence,  however,  that  it  is  a 
general  rulo  that  ilic  fuel  value  of  coal  is  in  proportion  lo  percentage  of  com- 
biiRiible,  for  the  quality  of  tht>  combustible  uiatter  varies  iu  coals  of  different 
general  chcmica'  ooustitatioii,  and  in  coals  containing  a  very  hi^'li  percentage 
of  volatile  inntter,  an  iu  most  bitnn]iniiu.H  coals  mineit  west  of  Pitt^bur];,  it  is 
not  i>o«sible  m  any  or<linary  boiler-furnace  to  thorfiughly  burn  this  volatile 
matter.  It  may,  however,  be  considered  as  a  general  rule  fur  coals  of  approx- 
imately the  same  chemical  coustituilon. 

It  is  moreover  not  safe  to  generalize  that  the  true  relative  fuel  value  of 
two  coals  may  lie  nlways  obtainefl  by  muliiplying  their  apparent  value  aa 
found  in  a  Iwiler  te*t  by  the  ratio  of  bi)il.!r  effloienciea  found  in  the  t^ats  of 
the  two  coals;  but  the  rule  may  bo  stalwl  its  follows: 

If  in  ft  eompnralive  test  of  two  coals  of  approximately  similar  chemical 
eonafitution.  tlip  apparent  relative  fuel  value  at  shown  by  the  boiler  test  diffora 
Ie«8  than  the  difference  of  boiler  eftipiency  in  the  two  tests,  then  the  apparent 
relative  values  sIiouM  be  corrected  for  the  dilTerence  in  boiler  efficiency. 

This  rule  will  apply  in  the  case  of  coals  A  and  C.  since  their  apparent  fuel 
talne  varied  only  from  —  0.1  to  +  0.8  per  cent,  while  Iho  boiler  eflicieucy 
Tftrit'd  from  1.4  to  3,41  per  cent,  hut  it  dne-.s  not  apply  to  the  comparis'im  of 
coa1'<  a  and  R.  in  which  the  appamnt  fuel  value  difTerrd  0.|}4  per  cent,  while 
the  lioiler  edleiency  varied  only  O.ftT  pur  cent. 

Tho  reason  wliy  tho  .-ipplication  of  thft  mie  is  thuH  limited  requires  some 
explanation.  In  rhe  comparison  of  coals  A  and  C..  it  is  evident  thai  the  appur- 
ent  relative  value  of  A  is  lower  (han  it  should  be  for  ('  higher),  bee.nusf  A  was 
burned  too  fast,  which  cansed  the  lower  cfdciKncy  of  the  (toiler,  and  alsn  that 
it*  relative  value  could  in  practice  be  madt»  greater  by  cheeking  the  draft, 
wtllinut  bringing  the  rate  of  evaprtratiou  lielow  the  normal  cajMicity  of  the 
boiler.  In  the  casp  of  coal  B.  however,  tho  effleiftncy  of  the  boiler  Ih  not  lower 
because  the  coal  was  burned  loo  fast— in  fact  it  wna  burned  too  slowly,  as  the 
boiler  did  not  develop  its  rated  capiicity.  Slow  burning  should  of  itself  irive 
high  r-fflcieney.  and  that  it  did  not  cive  higher  cdicicncy  than  coals  A  and  C, 
but  lower,  is  n«i  doubt  due  to  Ihw  faet  (hat  the  irrenter  amount  of  ash  and 
clinker  it  made  required  the  Arcs  to  b«  cleaned  oftenor,  letting  cold  air  paaa 
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tlirough  tbfl  fire-door  during  t)ie  opomtion.  And  an  exce^  of  air  pa&ft  tlirnugb 
the  Knit4'R  at  tlin  timu  of  every  chinning.  By  no  change  of  draft  or  of  grate- 
nurfacu  could  thu  clllcit'iicy  Iw  niised.  willjout  htill  furtlit-'r  decnmaiiig  ilie  al- 
reiuly  low  capacity,  lieucu  iln'  correction  for  low  efficiency  should  not  be  mado 
to  get  ttio  pnictical  fuel  value. 

Making  Ihti  corri'ctiuu  for  boiler  efficiency  in  the  ra«e  of  cohI  B  ilofts,  In 
fact,  raisu  it^  aiinnrcut  relative  value  from  D^j.oe  to  Bil.OO,  n-liiL>li  h  alrnost 
identioftl  wilh  tfie  figure  oblaJntnl  fnnu  wmparison  of  the  peicertapo  of  oom- 
bnstibk',  tt/t.tfl,  and  it  shows  lliat  if  lln'  cffiuicticy  of  the  boiicr  roiilU.  by  nuy 
rnenriK,  liiive  iKX-ri  i-uiscd  to  the-  same  value  a.s  van  givcu  in  i1k>  li>»t  So.  1  of 
coal  A,  llicti  lilt  ru'lativo  value  would  have  Ijcen  »3.80:  Ifiit  an  the  tHriciciicy 
coidd  tiDt  hiive  bfMtn  w>  rrtisr-d  wiihnut  diminishing  the  ca()aciiy  of  the  iMiilvr 
below  its  normal  rale,  the  supposition  is  not  of  pruclical  value,  and  the  cor- 
rection nhnuld  not  lie  niiide.  The  fiict  la  that  irlien  the  a.sh  in  a  eont  is  so 
great  in  ainnunt  jib  to  iMH-f-JwiTalH  frctjuent  ('loaning  of  the  fires,  its  effect  in 
reducittg  llie  fnel  vnhiu  of  itu>  eoal  is  greater  than  that  due  lo  \ta  mere  per- 
centage. It  reduees  ihfl  capiicity  of  the  boiler  as  well  as  ilx  «'flicJiMH;Y,  Ijuaidcb 
giving  extra  trouble  in  handling  '  he  flreR  and  getting  rid  of  the  nsh  ii-wlf. 

The  writer  ia  not  aware  (hat  other  experimenters  on  relative  valnes  of  fuel 
have  made  uiw  of  the  correrlions  for  Ufiler  efficiency  described  above,  but  he 
bvlinvisa  that  the  cori-ections,  appl:ed  within  tlio  limits  indicated,  are  of  suffi- 
eiouL  importance  (o  receive  itttoiition  in  future  tests  of  thiii  kind^  even  when 
the  teitla  Are  made  for  cuntmerctnl  and  not  for  xuientific  purftoscs. 

C01!PAH.\T1VK    (;AIX>ltlUETItIC    TKST3    OK   COAI.S.* 

The  writer,  in  bis  jmpcr  ou  '*  The  Elliciency  of  a  Stcum-boiler," 
preseiitt-*!  at  thu  fSt.  ]<oiiis  mevting,  Miiy,  isitG  (Trans.  A,  S.  il.  K., 

ol.  xvii.  p.  040),  uxiiressed  the  opinioti  tbnl  the  variutioua  in  rcj^ulti 
eulori metric  testa  of  coal  "  throw  doubt  iijiou  all  ailoriuK-lric  work 

mil  n  siifllcieiit  iinnibLT  of  tcets  ahull  liavc  been  made  by  dillea'ut 
oxporiihi.>iit(.'rs  uud  with  different  calorimciere  upon  eimilnr  tjaiuptos. 
fuid  tiiiiil  k'sts  fio  mmlo  show  a  rcttsonable  clcjrrec  of  nniforniity." 
The  iTSiilts  of  testa  of  two  coiiU  by  three  iliffcront  nalonmeters  were 
^iren  in  the  jMiper.  Mr.  liarnis  has  sinf'.e  mude  tcstjn  of  thi-  eame 
coals,  using  liis  own  calorimeter,  and  they  have  Iwen  analyzed  by  Mr. 
Henry  J.  Williaina,  by  Mr.  0.  H.  Ucnedi*:!:,  und  also  by  Bonie  senior 
fttudenta  of  an  engineering  college  in  counL-clion  with  their  theeis 
wort.  The  n-suUs  of  uU  the  cidorirneler  teals  and  of  the  heating 
value,  calculate)!  from  the  analy.sea,  are  given  below.  Coal  No.  1  waa 
from  Jackson  Co.,  Ohio,  and  No.  2  from  New  Kiver,  W,  \*a. 
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CArpentercBlorimetfr. 18,170 

'rii>>Mi|)s<ii)  cnl<iriiiiet<T  (Boston)   .    11,91't 
ThouipaoD  calorimeter  (St.  lx>Qii«)  ll.(Jil4 

Barni-s  cnloriiiiett-r , I'i.'JOU 

AnalysiB,  Williama'a 13,93a 

Aiialyiift.  students' 10.7bd 

Anftlysla,  Be&adiot's 15,21B 


H«ailniT  V*])i«  per 

ruuiKt  i'ukL 
. B,T.U. . 

10.SOO 

i».o«a 

I4.U3I 
14,432 
14.016 


n«aili>ff  Valiw  p«r 
Pkjunil  UoititHMliUIr, 
. I(.T.U.   . 

(I)  CJ) 

14.690     16.310 
18,30^     IS.TOfi 


Ratio 
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The  results  of  Mr.  Bamis's  calorimetric  test  and  of  Mr.  Williams's 
analyses  show  a  fairly  satisfactory  aKrepmont,  but  they  aro  ao  much 
below  the  resulU  nf  the  Carpeiiier  caSorimeter,  aud  so  much  above  the 
reenlts  of  ths  Thomp$ou  eulorimctcr,  that  the  true  hestiug  value  of 
these  coals  is  still  a  matter  of  ilotibt.  Tlio  results  of  tlie  aualysis  of 
coal  No.  1  by  tho  etudents  is  so  far  below  the  results  of  the  other  teste 
of  the  same  coal  that  it  '\s  of  interest  only  in  showing  vliat  great 
erroi*s  in  analyses  are  possible.  The  ratio  of  the  heating  values  of  the 
combuiftible  of  coiils  Nos.  1  and  '2  shon*  that  the  relative  values  aa  well 
as  the  absolute  values  obtained  by  ilifTerent  calorimeters  are  apt  to 
vary  widely. 

3Ir.  Jteaedict^B  analysis  is  given  by  Pi-ofessor  Carpenter,  as  follows, 
ou  dry  coal:  C,  85.07;  H,  5.01;  N,  0.83;  O,  a.79;  ash,  4.71;  S,  0.30; 
calculated  heat  value,  15,215  B.T.U.  'J'he  sjimples  furnished  to  all 
the  experimenters  wure  identical.  The  coal  was  uriished  in  u  cojfee- 
mill,  thoroughly  tnijced,  aiid  seveml  small  bottles  were  lilted  with 
samples  of  the  crumbed  coid  at  the  same  time. 

More  recently  the  writer  has  obtained  comparative  figures  by 
three  ditTerent  calon'motcra  aud  by  analysis  of  two  samples  of  Mt. 
Olive  (III.)  coal,  as  follows: 


HeAUng  Taluo 

pirlh. 

0>mhii«fll>l«. 

B,  T.  V. 

Ratio 

1S,700 

IS.R70 

18.80V 
18.068 

la.TH- 
la.ysa 

1.007 
1  007 

1.007 

oeea 

18,810 

18.878 

1.004 

< 


All  of  tliL-se  results  sliow  a  remarkably  close  agreement.  The 
greatest  variation,  that  betwi'Cii  tho  rcsulta  by  the  Thompson  calerim- 
etor  aud  by  analysis,  is  only  2.4  per  cent.  These  fii^rcs  would  indi- 
cate that  the  Thompson  cajorimotcr  is  fairly  reliable,  but  a  very  diifer- 
eut  conclusion  must  be  drawn  from  tho  results  of  the  tests  by  two 
Thompson  calorimeters  of  tho  Jackson  and  the  ^ew  River  coids,  which 
are  fur  below  the  results  obtained  by  tho  Carpenter  and  the  Harrus 
calorimeters. 

The  conclusion  to  be  dmwn  from  tho  two  series  of  tests  tabulated 
above  is  that  closely  concordant  n-sulta  may  bo  obtained  fnim  dilTerent 
calorimeters  when  properly  handled  by  expert  chemists,  aud  tliat  llieso 
results  will  agree  with  the  rcsnlts  calculated  from  accurate  analyses; 
but  that  occasionally  very  erroneous  results  may  be  obtainei),  and  that 
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a  ginglo  calorimotrio  tpat,  unchecked  by  eomparison  with  a  test  by  an- 
otlipr  oalorimptor,  is  to  be  reparil«<l  with  suspicion,  pjipecially  wlien  tlio 
test  ia  maOe  with  a  Thoni[>s{)n  oiloriniuier,  witcn  lliu  reporleil  heatinn; 
Tahie  per  pound  of  combnstiblp  is  low  compared  with  resulta  of  other 
testa  of  coal  from  the  same  region,  and  wlien  the  boiler-eflficieiicy  cal- 
eitlatetl  from  euch  culorimotrio  t«it  is  liigh. 


AITAHATCS    FOB    DETKRUIKIHTO    OX    A    LABOK    SCALE    THB    HBATIXO   | 
VALUE   OP   DIFFERENT   COALS.  j 

The  toai«  of  Atnerican  coals  by  Profcsaor  Johiiaon  in  1842.  and  by 
General  Muijjs  in  18S2  (Trnus.  A.  S.  Al.  E.,  vol.  iv.  p.  349),  were 
inadt!  by  evajiorutln^  water  into  steam  in  ordinary  st-eam* boilers.  A 
steam-boiler  of  ordinary  constrnction  is  not  a  good  apparatus  for  de- 
termining the  healing  power  of  a  fuel,  for  the  following  reasons: 

1.  We  cjin  have  no  aasumnce  that  the  fuel  is  completely  burned. 
In  all  coals  containing  Tolutile  matter,  the  distilled  gases  may  be 
clilllcd  by  the  li eating-surfaces  of  the  boih>t*,  and  escape  into  the  chim- 
ney nnburnwl. 

8.  The  heat  genenited  by  the  fnel  is  carried  away  in  foor  dif- 
ferent ]iortionB:  a,  in  the  ateam  which  leaves  the  boiler;  i,  in  the 
'*  entrained  "  water  which  leaves  with  the  steam ;  c,  in  the  waste  gasea 
in  the  chimney;  tf,  by  radiation  from  the  boiler  and  brickwork.  The 
relative  proportion  of  heat  which  diaappears  in  each  of  these  fonr  dif- 
ferent waya  varies  every  instant,  and  tlie  measurement  of  any  one  of 
the  portions  la  an  exceedingly  difficalt  matter  and  linhle  to  great; 
errors. 

3.  The  boiler  and  furnace  having  a  large  heat-abaorbtng  capacity  \ 
in  proportion  to  the  quantity  of  fnel  bumed  during  a  test,  it  is  diffl- 
cnlt  to  insure  that  the  conditions  at  the  beginning  and  end  of  a  tost 
are  the  same;  that  is,  that  in  addition  to  the  four  outlets  for  the  heat 
of  the  fnel  above  mentioned,  a  Cfth  part  of  the  heat  baa  not  been  ab* 
eorbed  by  the  boiler  and  brickwork  in  making  them  hotter  at  the  end 
of  ttie  test  than  at  the  bcgiriuiiig. 

The  author  described  and  illustrated  iu  1886  (Trans.  A.  I.  M.  R,  i 
vol.  xiv.  p.  727,  a  proposed  iipparatuh,  in  which  an  attempt  is  made  to 
avoid  to  a  great  extent  these  sources  of  error.     1X6  principal  feature  is 
that  it  is  uot  a  steam-boiler  at  all,  but  only  a  water-healer.  . 

It  conaiRts  of  two  aheet-mctid  cylinders,  eacli  12  ft.  long,  the 
upper  one  4  ft.  in  diameter^  and  the  luwer  one  3  ft.,  and  connected 
by  a  short  ueck  at  one  end  only.     The  upper  cylinder  is  provided  with 
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a  fire-box  3  ft.  C  in.  in  diameter  and  6  ft.  Iohjet.  and  ita  rear  end  is 
filled  with  about  100  2-iii.  IuIk-r.  The  lower  cylinder  is  completely 
fiUod  with  'Z-\M.  tubes.  The  fire-bos  is  lined  tlirpughout  with  firs- 
brick,  and  contuius  a  grate-surface  3  ft.  wide  by  2^  ft.  long.  A  hauging 
bridge-wall  u£  firebrick  is  placed  in  the  upper  part  of  tlie  fiie-box  IE 
the  rear  of  tho  bridj^e-wai!  proper  for  the  double  piirpoec  of  prcecnting 
a  hot  fire-briuk  Rurfacc  to  the  Ihimo  before  allowing  it  to  tonch  the 
healiug-snrf(»ce«  of  the  tubes  and  tube-sheet,  and  of  changing  its  direc- 
tion sons  to  cause  the  gases  t«  thoroughly  conimingle  aD<i  thus  to  in- 
sure complete  combustion.  In  testing  highly  bituminous  f'0;dB,  it 
miglit  be  ailvisabh*  to  have  more  than  one  of  these  baiiging  walU.  and 
to  give  the  fire-l>ox  a  greater  length,  to  more  certainly  inpiire  com- 
plete combustion  of  the  gases.  Tlie  gases  of  combuption  pass  throagh 
the  tnhea  of  tlio  npper  iii'atcr,  thf-n  ilown  through  a  fire-brick  connec- 
tion into  the  tuhen  of  the  lower  heater,  after  leaving  wliiclj  they  pass 
into  the  chimney.  Air  is  fed  to  the  fire,  under  the  gnite-bara,  through 
a  pipe  leaiHiig  from  a  fun-blower.  The  air  it*  measured  by  recording 
the  revolutions  uf  the  blower,  and  the  measurement  is  checked  by  an 
Hnemometer  in  theair-pipe.  Its  weight  ehould  be  calcnluted  from  tlie 
barometric  pn-jisure.  and  il.s  contained  moisture  sliouL]  also  be  deter- 
mined. Its  temperature  shuuM  be  taken  before  it  outers  the  lu^h-pit. 
The  temponiturc  of  the  escaping  guscs  elioidd  be  taken  by  several 
thorntomcters.  tho  bulbs  of  which  reach  to  different  portions  of  the 
ehimney-counectinn.  f'ohl  water  is  siipplit-d  to  the  bottom  of  the 
lower  heater  at  the  chimney-end.  ita  temperature  being  taken, 
before  it  enters,  hy  a  therninnud4>r  inserted  in  tlie  pipe.  The  water 
supply-pipe  may  ronveuicntly  ho  attached  bo  the  city  main.  The 
water  passes  through  tlu-  two  heiitors  in  an  oppoeite  direction  to  that 
of  the  gases  of  eombustlon.  and  emmpes  at  the  out1et-pi)>e  at  tho  top 
of  the  upper  heater,  by  which  it  is  taken  to  two  meai^nriug-tanksj 
which  are  alternately  filled  and  emptied.  The  temperature  of  the  out- 
iloi^'ing  water  is  taken  by  a  thermometer  inserted  in  the  outflow-pipe. 
Tho  rate  of  flow  of  water  throngh  the  apparatns  is  regulated,  so  that 
Uio  temperature  of  the  ontHowing  water  does  not  exceed  200"  F. 
Tho  nieasnring-tiinks  have  closed  tops,  which  prevent  evaporation. 
small  outlet-pipes  being  attached  to  the  top  of  eaoli  which  serve  both 
as  indicarors  wlipn  the  tanks  are  full,  and  to  allow  air  to  escape  from 
them  \rhen  thoy  Jirr*  being  flih'rl  witfi  wiit^r. 

The  gratc-Borface  being  only  5  wj.  ft.  and  tho  heating  surfuce 
about  lODO  sq.  ft.,  a  ratio  of  200  to  1,  or  more  than  five  times  the 
nsual  prupurtiun  in  a  steam-boiler,  niid  the  water  being  mucli  colder 
than  that  iu  a  steam-boiler,  the  gaacs  of  combustion  should  be  cooled 
down  to  near  the  tem|K!raIure  of  the  air  supplied  to  ihe  lire — eape- 
eially  when,  as  is  usually  tho  c«6C,  tho  water  supply  is  colder  than  the 
air.  For  extremely  aircurate  tests,  the  water  might  he  cooled  before 
entering  by  a  i-efrigeraling  itpparatus,  or  by  ice. 

Tho  whole  apjjaratus  being  thoi-oughly  protected,  by  felting,  from 
railiation,  the  heat  generated  by  tho  fuel  is  all  measured  in  the  in- 
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crease  of  heat  given  to  the  water  which  flows  through  the  apparatus, 
aad  in  the  increase  of  temperature  of  the  gases  of  combustion  as  taken 
in  the  chimney,  over  the  temperature  of  the  air  supplied  to  the  fire. 
This  increase,  however,  being  in  any  case  very  slight,  and  the  quan- 
tity of  air  being  known,  the  amount  of  heat  from  the  fuel  which 
escapes  up  the  chimney  can  be  calculated  with  but  small  chances  of 
error. 


CHAPTER  VT. 
FUELS  OTHER  THAN  COAL. 

Coke. — Coke  is  the  solid  material  left  after  evaporaling  the  volatile 
ingredit^nts  of  ccial,  cither  hy  means  of  piirlial  conihiiwtioii  in  funia<;.e8 
called  coke-ovens,  or  by  distilhitiou  iu  the  retorts  of  gas-works,  being 
a  smokele^d  fuel  it  is  available  for  use  in  the  fire-boxeH  of  iiitenially 
fired  lK)ilers,  which  are  not  adapted  to  tlie  smokeless  combustion  of 
soft  cool,  but  its  use  for  this  purpose  is  quite  limited  on  account  of 
its  cost. 

The  proportion  of  coke  yielded  by  a  given  weight  of  ooal  is  Tery 
different  for  different  kinds  of  coal,  ranging  from  35  to  &0  per  cent. 

Being  of  a  [lorous  iexlurL*,  it  reiidily  attracts  and  rotjiins  water 
from  the  atmospiiere,  and  sometimes,  if  it  is  kept  without  proper 
shelter,  from  15  to  2u  ]ier  cent  of  its  gross  weight  consists  of  moisture. 

ATtALTAKS  Of  COKE. 
(From  report  of  Jirfiu  K.  Praetor.  Kenluck}-  O«aloglc«l  Survey.) 


Wlkere  MMle. 

Otrbon. 

Aih. 

plkur. 

88.90 

9.74 

0.8)0 

80.51 

16.34 

t.r,B5 

87.30 

10  54 

1.1&5 

I'ocBhonUB.  V»,                  "         "   8         *'         

93  03 

5.74 

0.597 

92  38 

7.21 

o.nea 

BiK  iSione  (Jap,  Kr.         '*        "7        "         

98.98 

0.69 

0.749 

Pressed  Fuel,  or  Briquettes. — A  method  of  malting  pres-seil  fuel 
from  anthracite  dust  is  described  by  E.  F.  Loisean.*  The  dust  is 
mixed  with  ten  per  cent  of  its  bulk  of  dry  pitch,  which  is  prepared  by 
separating  from  tar  at.  a  temperature  of  ."STS"  F.  tlie  vobttile  matter  it 
contains.  Tlic  mixture  is  kept  heated  by  steam  to  212*.  at  which 
tomperature  the  pitch  acquires  its  cementing  properties,  and  is  passed 
between  two  rollers,  on  the  periphery  of  which  are  milled  out  a  series 
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of  semi-oval  c&ritios.  The  lumpB  of  the  mixture,  aboat  the  size  of  an 
egg,  drop  out  under  the  rullcrB  on  tin  ondlciis  bi'tt  wbtcli  carries  them 
to  n  screen  in  ei^ht  mitnito*,  which  time  is  sufficient  to  oool  the  lumps, 
and  thuy  arc  tbuu  reudy  fur  delivury. 

The  enterprise  of  nmking  the  jtroftseil  fuel  above  dcMTibcd  was  not 
conirncrciully  snccessfiil.  on  account  of  the  low  price  of  other  coal. 
lu  Kurope.  however,  *' lin'qiteites  ^'  are  regularly  made  of  conl-dost 
{bitiiiiiinoiiit  and  st-nii-bitiimiiiont^). 

Coal-duit. — hust  when  mixed  in  air  hnrns  with  snch  exti-eme 
rap'diiy  as  in  6omo  casefi  to  cause  explosions.  Kxplosions  of  flour- 
mills  have  been  atli'ilmted  to  iguiliuu  of  the  dust  iu  eontiued  paissagc!}. 
Experiments  made  in  Germany  in  1K9;3  rIiow  that  inilverized  fuel 
may  Ihi  bunied  without  smoke,  and  with  high  economy.  The  fnel, 
iustetul  of  being  introduced  into  the  lire-box  in  the  ordinary  manner, 
i»  first  reduced  to  a  ]>ou'dLT  by  pulvcrizeit>  of  any  construction.  In 
the  placp  of  tlio  ordinary  holler  fire-bux  thei-c  is  a  cumbustiun-chamber 
in  tiie  form  of  a  cloi^ecl  furnace  lined  with  tire-brick  and  provided  with 
an  air-injoetor  tiiuiilar  in  cunstruetiun  to  thoise  uiied  in  oil-huriiing 
furnaces.  The  nozzle  thrown  a  constant  streiim  of  the  fnel  into  the 
chiunber.  Tliis  i\07.7.]q  is  so  located  that  it  scatters  the  powder  throtigb- 
out  the  whole  space  of  the  iire-bo.\.  When  tills  powder  is  once 
igniteil,  wliich  is  reailily  done  by  llrst  raising  the  Hidng  to  a  high 
temperature  by  au  open  Hre,  the  combustion  coutiunes  In  a  regular 
manner  tinder  the  action  nf  the  currtuit  of  air  which  carries  it  in. 

I'owdered  fuel  was  used  tn  the  ttnjiiiptnn  rotar}-  pnddlitig-fnmace 
at  Woolwich  Arsenal.  Eiij;land.  in  1873.*  It  has  recently  been  adopted 
8ncccs.sfully  in  this  country  in  tlie  rotary  kilns  usoJ  in  the  mannfac- 
tnre  of  Portland  cement. 

The  .iiHfrica/i  Mamtfadurer  of  Dec.  13.  1000.  illustrates  the 
Cyclone  Pnlverij*r.  a  Hrltlgh  invention,  wbioli  is  said  to  lie  in  success- 
ful use  grinding  coal  for  dnst-Hrlng.  We  qnotc  from  it  the  following 
statement  of  the  reijniAite  conditions  of  success  in  the  use  of  ])owdercd 
fuel,  and  nf  the  mlvantages  claimetl  for  it: 

1'he  bui>t  re^iults  can  only  be  obtained  when  the  following  essentials 
are  com])li(,Hl  ttitli,  viz. : 

[a)  The  fnel  must  be  reducwl  cheaply  to  a  very  finely  divided 
powflcr,  and  must  bt-  nf  a  Mricrly  uniform  grade. 

(A)  The  e.oal-powdcr  niixt-d  with  air  niuet  be  carried  in  an  un- 
broken stream  into  tlio  combustion -chamber. 
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{c)  The  ^r-current  must  be  so  regulaUtd  that  it  will  hold  the  coaU 
IM>w(l(!r  ill  i^uKiieiiHion,  whuu  withiu  iho  furuuce,  uutll  complete  com- 
buntiou  is  uJTu(-t4>d. 

{d}  A  siitlicieutly  high  tempemtiire  muRt  be  continuously  main- 
laitieil  ill  ihe  rurnaoe,  lo  eiiaum  perfoc-t  <:oinbusti(>ii  of  the  powdor. 

The  prohloin  of  how  to  i-ctlnue  the  t-oul  ycoiioiiiically  to  tlie  reqiiirod 
staiidurilx  of  liiuMit^sa  uiid  unifurmity  is  the  one  thing  wtiieJi  hus  giveu 
great  Inmhlc;  iu  developing  new  du\itx:s  in  t3riiig-rtp[iuiiilu!j. 

The  udvautiiges  of  \\m  use  of  [(owdureil  fuel  may  be  tsutuniarizt'd  as 
follows:  1.  The  uioiit  uconouiical  uud  compltile  coitibustioii  uf  tlic  fuel, 
in  n  munner  eimtlur  to  ga^-firiu^,  but  without  thedi^ulvuutagt'S  of  that 
^sten).  2.  Comjilete  siuokelessncBs.  3.  Keducetllubor  expenses,  siuoo 
one  uian  can  easily  mauage  seveiul  furnaces.  4.  Adaptability  and  ease 
of  regulation  to  meet  any  reipitn-itii'nis.  e^piNoallv  wbt'ii  the  work  la 
that  of  stejim-genemtiou.  5.  Decreased  wear  and  tear  of  fiirnacefl.  iu 
the  case  of  inttTiinlly  lired  boilerei.  G.  Saving  of  time  in  starting  up 
fumacce,  and  nipid  j*loppuge  of  tiring,  in  ciuie  of  neecs-sity.  7.  Lcsa 
labor  iu  removing  refuac,  wbich  ts  light  in  qmuitity.  and  in  the  form 
of  slag.  8.  Intimate  contact  of  the  fuel  with  the  air,  whereby  the 
miniinnm  excels  over  the  theoretical  volume  is  employed,  and  waste  of 
hoiit  thus  avoided. 

Feat  or  Tnrf,  as  usually  dried  in  the  air,  contains  from  25^  to  30j( 
of  water,  wliicli  must  be  allowed  for  iu  estimating  its  heat  of  combus- 
tiuD.  Tliis  water  liaving  been  evapnrate<],  the  analysis  of  M.  Reg- 
nault  gives,  in  100  parts  of  perfcetly  dry  peat  of  the  best  quality: 
C  h&i,  U  6.*,  0  3!^,  Ash  5;(. 

In  some  examples  of  peat  the  quantity  of  ash  is  greater,  amouut- 
ing  to  7;£  aud  iWtnetimi'S  (o  lli^.  The  specific  gravity  of  peat  in  its 
onlinary  state  in  about  0.4  or  0,5.  It  can  be  compressed  by  ma- 
chinery to  a  much  greater  density.     (Ilmikiue.) 

Chirk  ("  Steam-engine,"  vol.  i.  p.  61)  gives  as  the  average  compo- 
sition of  ilrie<i  Irish  i)eat:  C  5^*,  II  k\%,  0  3(><<.  N  1.25*.  Ash  H' 

Applying  Dulong's  formula  to  this  analysis,  we  obtain  for  the 
totid  heating  vahip  of  perfe«;tly  dry  peat  10,001)  heat-nnits  per  pound, 
and  for  air-dried  peat  containing  2.»*  of  moisture  7607  heat-units  per 
pound.  To  determine  the  "available"  heating  value,  we  mn^t  sub- 
tract the  bent  lost  in  the  HUperheiited  steam  in  the  chimney-gases,  us 
calculated  by  tl-e  formnlii  on  page  25,  For  each  {lound  of  the  air- 
dried  peat  tbe  superheated  steam  is  0.35  4-0.75  X  .06  x9  —  0.65.')  lb.; 
and  if  the  temperature  of  the  cbimney-gasee  is  462"  and  that  of  the 
air*aupply  02"  the  heat  lost  is 

O.fir.5  X  [(312  -  62)  +  e66  -f  (0.48  X  350)]  =  810  B.T.tT. 
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This  subtracLed  from  7507  gives  (16D7  B.T.U.  aa  the  available  heatiug 
value  per  pound  of  peat. 

Deposits  of  peat  ari"  found  in  many  places  tliroughout  the  United 
States  and  Canada,  but  it  lias  hithorto  not  been  found  practicable, 
commercially,  to  utilize  tbcm  for  fuel  in  competitiou  with  cool.  In 
aonie  foiinlriw  in  EuropL*,  suL-h  as  in  lloUuud  and  Deuniurk,  thu  peat 
indiij^try  is  quite  oomnion.  l^upera  on  peat  and  its  iitilizalion  will  be 
found  in  "'Mineral  Industry,"  vol,  ii.,  1893,  and  vol.  vii.,  1898.  The 
following  table  is  given  showing  tJie  conii'aralivi!  and  adorimetrie 
vajuo,  anulyscH  of  woo<l,  pcaU  and  coal,  from  a  report  made  in  Sweden 
in  I89(:.     The  analyses  are  of  the  fuel  dry  and  free  from  ash. 

CnniiiriKltlun.     Wood. 

Carlmn 62.0 

Hydrogen 6.9 

i)xyfsvn 41.7 

Uulpliur. 

Niinigt'D 0.1 

Culorie* 4900 

D.T.  U 8920 

Mobturt^ 20  22  25  18^^  7?i  Z^O 

Wood.— Mood,  when  newly  felkd,  contains  a  pro|>ortion  of  moist- 
ure which  variw  greatly  in  different  kinds  and  in  different  specimens, 
ranging  between  30^  and  ^oO,  and  being  on  an  average  alwut  40!*. 
After  8  or  Vi  months'  ordinary  drying  in  the  air  the  proportion  of 
moisinro  is  from  W%  to  2.')^.  This  degree  of  drynes.-!,  or  almast  per- 
fect dryiiesu  if  reqtiired,  can  be  produced  by  a  few  days'  drying  iu  an 
oven  supplied  with  air  at  about  240°  F. 

Tcrfectly  dry  wood  contains  nbout  50)<  of  carbon,  the  remainder 
con.sisting  almost  entirely  of  oxygen  and  liydrogen  in  nearly  the  pro- 
]iortions  wbi(.'li  form  wat^>r,  the  hydrogen  being  i^ouiewhat  in  excess. 
The  coniferous  family  contain  a  small  quantity  of  turpentine,  which 
is  a  hydrocarbon. 

A:«ALYKK|I  op  woods,   DV  M.    RUOB-NB  CnBVA»UtBH, 
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Heating  Value  of  Wood. — According  to  a  table  by  S.  P.  Sharpleas,* 
the  ash  varies  from  0.03^  to  IMO^  in  American  woods^  and  the  fuel 
T&Iue  ranges  from  3fj07  (for  whiu-  oak)  to  6546  calories  (for  long-leaf 
pine)  =  C600  to  QbS^J  Britiah  thermal  uuita  for  dry  wood. 

The  following  table  is  given  in  several  books  of  refcrouce,  ihe 
authority  ami  qu.ility  of  coal  referrod  to  not  \mi\g  stated. 

The  weight  of  one  cord  of  ditFerent  woods  (thoroughly  air-dried)  is, 
about  ua  follows: 

Hickory  or  bard  niftple 4500  lbs.  equsl  to  1800  lbs.  coal.  (Othen  glre  2000.) 

Wliiteoak 8830    "  "     IWO    *'      *'  (  *'         1716.) 

Beech,  red  and  black  oftk...  8M0    "  "     1800    '*      "  (  •'         14G0.) 

Poplar.  cbe«inm,audeUu..  3350    "  ••       WO    "      ••  {  "         1050.) 

The  average  plae 3000    "  "       800    "      •'  (  "  935.) 

Heferring  to  the  figures  in  the  last  column,  it  is  said: 

From  the  above  it  is  safe  to  iisaume  that  ^\  lbs.  of  dry  wood  are 
equal  to  1  lb.  average  quality  of  soft  coiJ  and  ibat  the  fuel  value  of 
the  same  weight  of  different  woods  is  very  nearly  the  same — that  is,  a 
pound  of  hickory  is  worth  no  more  for  fuel  than  a  pound  of  pine, 
assuming  both  to  be  dry.  It  is  important  that  the  woo<l  be  dry.  as 
eacli  10^  of  wat6r  or  moistnre  in  wood  will  detract  about  L:^^  from  its 
Talue  iui  fuel. 

Taking  an  arerage  wood  of  the  analysis,  perfectly  dry,  C,  50; 
H,  6;  0»  43;  N  and  ash,  3,  its  total  heating  value,  by  Dulong's 
formula,  is  7765  B.T.U.  per  jiound.  If  the  wood  contains  ^5^  of 
moisture  the  analysis  of  the  moist  wood  is  C,  ^7.5;  11,  4..*>;  0,  31. fl; 
N  ami  ash,  1.5,  and  its  total  heating  vnUie  is  75;<  of  77G5,  or  5824 
B.T.U.  per  pound.  To  obtain  the  *' available"  boating  value  we 
eobtraet  the  loss  of  heat  in  tbe  st«am  formed  from  the  water  and  tho 
hydrogen  in  the  wood,  as  calculated  by  the  formula  on  page  25, 
Taking  the  temperature  of  tbe  air  supply  at  62°  and  that  of  tho 
escaping  chimney-gases  at  4C3'*,  thie  loss  is  810  U.T.U.,  which  sub- 
tracted fi-om  5834  gives  5014  B.T.U.  per  pound  aa  the  available  heat- 
ing value. 

Sawdtut. — The  heating  power  of  sawdust  is  naturally  tlic  same  per 
pound  as  that  of  the  wood  from  which  it  is  derived,  but  if  allowed  to 
get  wet  it  is  more  like  spent  tan  (which  see  below).  The  eonditions 
necesBary  for  burning  sawdust  are  that  plenty  of  room  should  be  given 
it  in  the  furnace,  and  siifHcleiit  air  supplied  ou  the  surface  of  the 
mass.     The  same  applies  to  shavings,  refuse  lumber,  eto.     Sawdust  is 
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frequently  bunicd  in  sawnnlU^  etc.,  by  boiug  blown  into  the  fnrnaoo 
by  a  faii'bla»t. 

Wet  Tan-bark.  —Tan.  or  oak-brirk.  nfter  having  bot>n  used  in  tb© 
proceti^s  of  tuuiiitig,  is  burned  iia  fuel.  The  8i)i?iit  tan  cor>si8ts  of 
the  fibrow*  portion  of  the  bark.  According  to  M.  Peclet,  fi?o  parU  of 
oak-burk  produce  four  parts  of  dry  tan;  and  the  heating  power  of 
porf«ctly  dry  Un,  cuutiuuiug  \h%  of  ash,  ir  6100  British  thermal 
units;  whilst  that  of  tan  in  an  ordinary  state  of  dryness^  containing 
30j<  of  water,  ia  only  4^84  It.T.U-  The  weight  of  water  evu]K)rated 
from  and  at  '^IS*^  by  one  pound  of  tan.  equivalent  to  theae  lieuting 
powers,  IB,  for  perfectly  dry  tan,  5.46  lbs.,  for  tiin  with  W%  moisture, 
3.84  Iba.  Experiments  by  Prof.  It.  II.  Thunston  •  gave  witli  the 
Crockett  furnacf,  l}ie  wot  lau  containing  59^  of  water,  an  evaporation 
{ront  and  at  212'*  F.  of  4.24  Ibe.  of  water  per  pound  of  the  wet  tan, 
and  with  the  Thompson  fiirnnce  an  evaiHiration  of  H.  10  Iba.  per  jMund 
uf  WfL  tun  containing  ^b%  of  wat«r.  The  Thonipsou  funiaoe  con- 
siated  of  six  t]  re-brick  ovens,  each  0  feet  X  4  feet  4  inches,  containing 
234  square  feet  of  grate  in  all,  for  three  boilers  with  a  total  heating 
surface  of  2000  square  foot,  a  ratio  of  lieatiug  to  grate  surface  uf  9  to 
1,  The  tan  was  fed  through  holes  in  tlie  top.  The  Crockett  fumaco 
was  an  ordinary  fire-brick  furnace,  6x4  feet,  built  in  front  of  tho 
boiler,  instead  of  under  it,  the  ratio  of  heating  surface  to  grat^2  being 
14.6  to  1.  According  to  I'rof.  Thurston  the  conditions  of  succcsr  in 
burning  wet  fuel  are  the  surrounding  of  the  mass  bo  completely  with 
heated  surfaces  an<l  with  burning  fuel  that  it  may  be  rapidly  dried, 
and  then  so  armnging  the  appjiratns  that  thorough  conibustion  may 
bo  secured,  and  that  tho  rapidity  of  combustion  bo  procia^ly  c^uhI  to 
and  never  exceed  the  rapidity  of  desiccation.  Where  this  rapidity  of 
ronibuation  is  exceeded  the  dry  portion  is  consumed  completely,  leaving 
an  nncovered  mass  of  fuel  which  refuses  to  tike  Gre. 

Straw  as  FueL — Expfrimentd  in  Russia  Hhowed  that  winter-wheat 
straw,  dried  at  230"  F.,  had  the  following  comfiosition:  C,  46.1;  TI, 
3.6;  N,  0.42;  O,  43.7;  Ash,  4.1.  Heating  value  in  British  thermal 
nnits:  dry  straw,  B290;  with  10^  water,  544S.  With  straws  of  other 
grains  tlie  heating  value  of  dry  straw  ranged  from  5590  for  buckwheat 
to  6750  for  flax.f 

Clark  (■*  Steam-engine,"  vol.  i.  p.  62)  gives  tlie  mean  composition 
Oi  wheat  and  barley  straw  as  C,  36;  H,  5;  0.  SS;   N,  0.50;  Ash, 

•  Journal  of  llif  FmDkllii  lutitflate.  1874. 
\  BHg'g  Mtchanie*,  Ft-b..  ]»03,  p.  M. 


4.7S;  water,  16.75,  the  two  alraws  varying  less  than  1^.  The  total 
heating  value  of  atruw  of  this  composition,  according  to  Duloiig's  for- 
miUa,  is  &4U  heat-uniu.  Clark  crroiieoualy  giveti  it  aa  8144  heat- 
unita.  Taking  the  temperature  of  tho  chimuey-gosBS  at  402°  ami 
that  of  the   air-supply   at  Hi"    the   "  available  *'   heating  value   is 

4U60  u.T.r. 

Bagasie  as  Fuel  in  Sugar  Kanufactnre. — Bagasse  is  the  name 
giren  to  refuse  sugar-cane,  after  tho  juice  has  been  extracted.  I'rof, 
L.  A.  Bouuel,  in  a  paptr  read  before  tho  Louisiana  Kugar  Chemists' 
Aaaociation,  in  ISiCi,  sjiys:  "With  tropical  cane  coiiluiuijig  12.5)l( 
woody  flbre,  a  juice  containing  10.135  solids,  and  83.87:«  water,  bag- 
asati  of,  aay,  6ti^  and  7^jS  mill  extraction  would  have  tho  following 
perueutuge  uouipoution: 
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*•  Assuming  that  the  wowly  fibre  contjuna  51^  carbon,  the  sugar 
and  other  combustible  matters  an  average  of  42.1$,  and  that  13.9D6 
units  of  heat  are  generated  for  every  ]K>iiTid  of  carbon  consumed,  the 
C6^  bagasse  is  capable  of  -(encrating  2978  heat-units  )ier  pound  aft 
against  :1452,  or  a  dilTerenco  of  474  uuiu  in  favor  of  the  72:£  bagasse. 

"  Assuming  the  temperature  of  t}ie  waste  gases  to  be  450**  F.»  that 
of  tlie  aurrouniling  atmosphere  and  water  in  tho  bagasse  at  86**  F.,  and 
the  quantity  of  air  necostmry  for  the  combustion  of  one  pound  of 
carbon  nt  24  lbs.,  the  lost  ho»t  will  be  as  follows:  In  the  waste  gases, 
heating  air  from  86°  to  450*  F.,  and  in  vaporizing  the  moisture,  etc,, 
the  6i)^  bagasse  will  re()uirc  112j,  and  the  72^  bugusse  IIGI  hcat-unita. 

"Subtracting  these  qnantitiea  frnm  tlie  above,  we  find  that  the 
6C;(  bagasse  will  produce  1B.53  available  licut-units,  or  nearly  38^  loss 
than  the  72^  bagasse,  which  gives  2D90  units. 

<*  It  appears  that  with  tho  best  boiler  plants,  those  taking  up  all 
the  available  heat  gcuomted,  by  using  this  beat  economically  the 
bagasse  can  l>e  made  to  supply  all  the  fuel  required  by  our  sugar- 
hoases." 

Petroleiun.— Thos.  Urquhart  of  Russia  gives  the  following  table 
of  the  theoretical  evaporative  power  of  petroleum  in  comparison  with 
that  of  coal,  as  determined  by  Messrs,  Favre  and  tijilbermann :  • 
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lu  experiments  on  Bussiau  railways  with  petroleum  as  fuel,  Mr. 
Urqiiliart  obtained  ttu  actual  cflioiency  equal  to  83^  of  the  theorcticat 
hetktiu^  value.  Tho  petroleum  is  fed  to  the  furnace  by  means  of  a 
epray-injeclor  driveu  hy  steam.  Au  imluced  curreut  of  air  13  car- 
ried in  around  tho  injrctor-nozzle,  and  zulditioiial  air  i^  supplied  at 
the  bottom  of  the  furnace. 

The  following  notes  are  condensed  from  a  pajier  on  "  Crude  Petro- 
leum and  its  Products  as  Fuel,"  by  H.  IT.  Twe<ldle.* 

Crude  petroleum  is  a  hydrocarbon,  often  containing  a  small  per- 
centage of  sulphur  and  oxygen  us  impuritius.  Its  specitlo  gravity  may 
vary  from  13"*  to  70"  Baume,  but  tho  greatest  quantity  prodnced  ranges 
from  30"  to  45"^  Baumu.  The  color  of  crude  iiot.roleum  is  usually  a 
green  brown,  but  it  is  found  from  a  light  brown  oolor,  through  the 
varioaa  shades  of  green  to  a  jet  blucic.  It  may  be  broken  up  by  distil- 
latiou  into  beuzeuu,  kerosene,  and  othor  distillatc>3  and  rosidmims  of 
Tarious  qualities,  any  one  of  which  makea  a  very  good  fuel  under 
certain  conditions. 

Gasoline,  or  petroleum  distillate  of  more  than  74**  Ilaunic.  will 
never  be  useii  for  fuel  except  to  a  very  limited  extent,  since  it  and 
its  closely  associated  distillates  are  always  more  viiluablc  for  other 
purposes. 

Ileuzenc,  or  petroleum  distillatti  from  ns"  to  74*  Banme.  is  tho 
best  of  all  liquid  fuels,  but  its  use  is  rostricted  owing  to  the  care  with 
which  it  has  to  bo  handled.  The  diffi(:«lty,  danger  and  expense  of 
transporting  will  only  alb>w  of  its  use  in  a  Ter\'  few  favoreil  li)(!a1i(ies. 

Kerosene  or  5»trolenm  distillate  of  from  4fi*  B.  to  35"  R.  gravity 
is  an  excellent  fuel.  but.  owing  to  the  expense  attending  its  prepar- 
ation, wo  can  hardly  oxiKwt  to  see  the  price  fall  below  3c.  per  pallon, 
except  in  the  places  where  it  is  produced;  for,  shonld  it  generally  be- 
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<Mme  BO  cheap  the  coitsumption  o(  it  as  an  Uluminant  would  increaae 
80  uuoniioualy  thai  there  would  be  little  left  for  fuel. 

The  preaeiit  price  of  kerosene  iu  bulk  ami  in  large  quantitj  may 
be  tukeu  at  about  3c.  pur  gallou  ut  \\&  place  of  production,  both  iu 
Kuasia  and  Amorica.  As  a  fuel  for  small  boilers,  it  ia  the  bcsCf 
because  of  itf>  portability  and  the  safety  and  facility  witli  which  it 
cati  be  haudled. 

Next  to  kerosene,  some  of  the  heavy  dUtillatos  of  petroleum  known 
as  neutral  or  solar  oilt:!  could  be  used  ua  fuel,  but  they  have  no  par- 
tiouhu*  advantage  over  keroi^one.  save  their  liigh  tirc-tei^t. 

Crude  peti'oleum  may  coutatu  any  portion  of  beuzeno  and  kerosene 
from  nothing  up  to  nearly  90  per  cent,  varying  entirely  with  the  lo- 
cality wheru  it  is  produced.  We  may  say  roughly  that  of  these  two 
distillates,  American  crude  petroleum  contuiiis  50  to  75  per  cent  of 
kerosene  and  benzene;  ICnssian  from  15  to  50  per  oentj  Peravioii 
from  15  to  60  (ler  cent. 

If  distillation  is  stopped  after  the  benzenes  and  kerosenes  have  been 
run  oft,  there  I'emains  in  the  still  an  oil  known  by  the  various  names 
of  residuum,  reduced  oil,  tar,  fucl-oU,  astatki,  niazootj  peirolcum 
refuse,  etc. 

If  the  diMilliition  of  this  residuum  is  pushed  still  farther,  neutral 
and  lubrieaiing  oils  distill  over,  or  diw,  with  certain  forms  of  stills, 
decomposition  (ids  in,  and  various  protlncts  may  be  distilled  over, 
until  nolhitig  but  a  small  umount  of  coke  is  left  in  the  still. 

The  demand  for  mineral  lubricating  oils  ia  so  great  in  the  United 
States  tluit  but  little  residuum  would  be  placed  on  tho  market  at  a 
price  which  would  rend«>r  it  available  us  a  fuel-oil.  In  Hussia.  how- 
ever, where  tlie  criulo  oil  contains  a  low  percentage  of  kerosene,  there 
is  an  enormous  surplus  of  residuum,  which  cannot  all  be  used  for  the 
manufacture  of  lubricating  oils.  It  is  genei-ally  known  as  ''nstnlki  " 
or  *'muzoi)t,"  and  is  UB<'d  for  fuel  in  all  possible  places.  This  u- 
tatki  is  the  fnel-oil  par  excellence  for  marine  and  locomotive  work 
where  a  perfeoily  fsnfeoil  is  requirt-d.  It  is  now  distributed  largely 
over  (he  Itusstan  Kmi>ire,  and  iu  I80O  some  fiOO.OOO  tons  were  nsed 
for  interior  navigation  in  Itnssia  alone,  and  the  consumption  has 
been  constantly  increasing. 

The  eastcni  petroleum  region  of  the  United  States  is  about  400 
miles  from  the  seaboanl,  and  although  many  pipe-lines  traverse  this 
distance,  thero  must  be  an  expon^e  <!oni)ect4>[l  with  the  oarriagp  of  the 
onide  oil.     Tho  petroleum  fuel  consumed  in  the    United  States  ia 
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almost  roetrictod  to  tlie  ii8c  of  crnilo  oil,  and  this  18  not  the  fiiol  which 
will  suit  the  general  coDsumur,  espcciiiUj  if  be  is  to  use  the  oil  for 
either  railrmul  or  marine  pur])08eB.  Crude  oil  is  a  moitt  excellent  and 
easily  bandied  fuel,  but  it  must  be  xxugCl  wiib  caution,  and  is  uIisck 
lutcly  unlit  fur  use  onulocomolire  or  steamer,  since,  in  ciuie  of  accident, 
it  niuy  cHtch  fire  and  spread  with  startling  rapidity.  For  snch 
purposes  no  petrolcnm  should  be  used  that  has  u  fire-test  of  less  than 
200**  to  250"  Fuhrenht'il.  A  petroleum  oil  with  a  fire-teat  of  250°  F. 
is  a  Bufer  fni;l  tliau  coal. 

liesiduum  oil  which  has  ft  fire-test  of  say  250"  to  300*  F.  is  the 
most  suitable  for  fuel  on  stejimcrs,  since  it  is  absolutely  safe,  as  it  can- 
not take  fire  and  does  not  give  olf  iulltuiimablc  gusci^  until  heated  to  a 
temperature  above  Ihiit  of  boiling  watt-r.  As  tlie  fuel  would  be  carried 
in  tanks  below  the  wattT-line,  heating  to  that  degree  becomes  a  prac- 
tical impossibility.  Such  oil  may  be  placed  in  a  bucket  and  stirred 
witli  a  red-liot  poker  without  catuhinj;;  fire;  sliovelsful  of  hot  coala 
may  he  thrown  into  it,  bnt  tliey  will  sink  and  ho  exlingiiishetl  the 
BAtne  as  if  thrown  in  water. 

It  IS  probable  that  in  the  futnre  petroleum  fuel  will  be  used  more 
for  marine  purposi-s  on  account  of  tcoDoniy  in  space  and  weight.  Cal- 
ifonita  petroleum  will  probably  bo  largely  used  for  this  purpose,  as  the 
production  of  rnidu  jietrolenm  there  is  being  rapidly  increawd,  and 
the  oil  is  better  suited  by  its  (|uulity  for  fuel  than  for  refining  pnr- 
posee,  owing  to  the  small  proportion  of  volatile  constiluentfi  and  large 
pro|)Ortion  of  heavy  hvJrocurboua.  It  is  just  the  contrary  with  the 
petroleum  fouml  in  the  Eastern  States,  which  is  especially  adapted  to 
tlic  manufacture  of  illuminating  oils,  owing  to  the  large  proportion 
of  volatile  hydrocarbons  it  contains. 

The  jtetroleum-fieMs  of  I'ctu  somewliat  resemble  those  of  Califor- 
nia, and  are  most  favorably  situated  close  to  the  sea.  The  crude  oil  is 
a  good  fnel  for  stjitionary  boilers,  and,  if  40  per  rent  of  btuizeue  and 
kerosene  are  diafilled  oiT.  the  resulting  residuum  is  an  oil  of  abont  23" 
B.  gravity  and  9(50"  to  380°  fire-teat,  of  moderate  viscosity  and  con- 
taining no  paraffine.  It  preserves  its  fluidity  at  low  temperatures,  and 
makes  an  excellent  fuel  for  either  locomotive  or  marine  nse.  The 
price  at  which  it  can  be  supplie^l  is  *5.00  to  *7.50  i>er  ton.  As  good 
coal  on  the  west  coast  of  South  America  seldom  reaches  a  lower  figure 
than  *6.25  per  ton,  tliis  fuel-oil  will  be  able  to  compete  with  it  from 
an  economic  point  of  view  so  soon  as  a  sufficiently  large  supply  of  It 
is  guaranteed. 
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Some  uf  tlie  udvnntages  cUimed  fur  liquid  fuel  are: 

1.  DiiuiuitihcU  lo&ti  of  beat  up  ihe  luuuei^  owmg  to  cbu  cleau  con' 
dition  tlie  tubc^  unu  ba  kupt  in,  aud  tu  tiiu  muidlur  aniouttt  of  air 
which  huH  to  i)u^  liiiough  ibe  combutiticfu-cluimUir  for  a  givou  fuel 

coDsumplion. 

2.  A  more  equal  dietributiou  of  heat  in  the  combustion-chamber, 
as  the  dooredo  not  have  to  be  opened,  and  uouaequeutly  u  higher  utti- 
cieuo}'  is  obtained. 

3.  With  oil  there  is  no  chance  of  getting  dirty  Urea  on  a  bard  run, 
as  with  coal. 

i.  A  reduction  in  cost  of  handling  fncl,  since  in  one  case  it  is  all 
doue  mechanically  or  b_v  gmTitation,  while  with  solid  fuel  a  great  deal 
of  manual  labor  U  required. 

5.  No  firing  tooU  or  grato-bars  are  used,  consequently  the  furnace 
lining  and  brickwork  tloors,  etc.,  BulTcr  loss  tlamngo. 

().  No  dust  nor  ashes  to  cover  or  till  the  tubes  and  dimiuisb  tJio 
beating  surface,  nor  tu  be  handled  ur  uirtcd  away. 

7.  Potrolenni  doe»  not  i-nffer  wIiUp  being  stored,  wliile  the  detorio- 
intion  of  coal  under  atmosphenc  influence  is  well  known. 

S.  ¥>am  with  which  fire  can  be  regulated,  from  a  low  to  a  most 
intense  heat  in  a  Khort  time. 

9.  Absence  of  su[]>bur  or  other  im])uritieB  and  longer  life  of 
plattitt,  t!tc. 

10.  Lessening  of  munuul  labor  to  fireman. 

11.  Great  increase  of  steaming  ca^wwity,  us  was  concluaivoly  proved 
when  many  fuctorioi)  returned  to  coal  in  Pcnnsylvaiua  and  Ohio;  they 
had  to  iucrease  their  boiler  capacity  about  115  per  cent. 

The  coal  consumption  of  the  world  is  probably  in  tho  neighbor- 
hood of  (iflO.000,000  Ions  ]>er  annum,  while  that  of  potroleura  is  only 
about  IT.OW.OIK)  tons,  of  which  by  far  tho  greatcet  part  is  used  for 
illnminuting  or  lubricating  puriioses;  so  the  amount  of  petrolenm 
availal)le  for  fuel  purpoaes  is  probably  not  more  than  1  per  cent  of  the 
coal  used.  Liquid  fuel  will  therefore  never  be  nsud  very  extensively 
as  cuiu|)ttrL-d  with  coal,  but  where  it  is  used  it  will  liave  many  advan- 
tageti  over  the  solid  fuel.  On  vessels  of  war,  and  espfTialiy  torpedo- 
buiU.  it  wonld  give  the  very  best  results  if  used  intelligently. 

Oil  T8.  Coal  as  Fuel.— A  test  by  tho  Twin  City  Rapid  Trausit  Com- 
pany of  Minneapolis  and  St.  Putil  showed  that  with  the  ordinary  Lima 
oil  weighing  6  ,^  pounds  per  gallon,  ami  costing  2^  cenU  yter  gallon, 
and  coal  that  gave  an  evuporution  of  7^  lbs.  of  water  per  pound  of  cotd. 


■ 


I 


£T&±M-BOIlBJt  EVOAOMF. 


I 


the  two  f ueU  were  c^ua]])'  euuuomical  wbBu  Lhe  price  oi  coul  was  43.R5- 
per  txju  of  20UU  lU.  Witli  the  same  coai  at  t^.OO  per  lou,  tlie  coal 
WU6  37^  more  ecuuoiuiciil,  aud  with  Lhe  uoal  ut  t4.8j  [yer  tou«  the  coiU 
was  2i)%  more  expoueivo  thau  the  oU.  Thoiie  reaulu  includo  the 
diileroace  iu  the  cut>L  oi  huudliug  Uie  uoui,  tuheti,  uud  oil.* 

Id  189^  there  were  reported  lo  tiie  Eiigiueerti'  €lub  oi  rhiladelphiti 
some  uumpiu-aLivo  hgures,  frum  lutita  uudortakeu  lo  ueccrtttia  the  I'eU- 
tive  value  ui  cuid,  puLi'oluuui,  uud  gua. 

Lbo.  Wntru-,  from 
•0(1  at  Jtls*  F. 

Z  lb.  ftntliracita  coal  «vapont«d 8.70 

1  lb,  luiuuxiuouit  coal 1U.14 

1  lb.  fuel  oil,  3Cgr«vhjr lfi.« 

1  cubic  foot  g«B.  -'OC.  1' 1.28 

The  grut  used  was  thnt  obtained  iu  the  distillation  of  petroleum^ 
liaviug  alM>ut  tho  eanie  fuel  value  us  uatural  or  cual-gas  of  equal' 
candle  power. 

Taking  the  efficiency  of  bituminous  coal  iis  a  basis,  the  calorific 
energy  of  petroleum  is  more  than  GO^  greater  thau  that  of  cual; 
whereas,  theorotically,  petroleum  excieds  t-oid  only  about  45;t — tlifr 
one  containing  l4,r)O0  licat-iinila,  aud  the  other  21,000. 

Comparative  testa  of  cnidf  pelrolenm  ami  of  Indiana  block  coal  for 
steam -niiaing  at  the  South  Chicago  Steel  Worksf  showed  that,  with 
coal,  14  tubular  hoilent  16  ft.  x5  ft.  roi|uirod  25  mnn  to  operate  them; 
with  fuel  oil,  G  men  were  reqnired,  a  saving  of  ID  men  at  $3  per  day, 
or  ^38  per  day. 

For  one  week's  work  2731  barrels  of  oil  were  used,  against  848 
tons  of  L'ojil  rcqnireil  for  the  same  work,  showing  3.2'i  barrels  of  oil  to- 
be  equivalent  to  1  ton  of  coal.  "With  oil  at  (JO  oenta  per  barrel  and 
coal  at  ^2.15  per  ton,  the  relutive  coxt  of  oil  to  coal  is  as  11.93  to 
t2.16.     No  evaporation  t«st5  were  made. 

Gas  Fuel. — Natnrul  gas  is  an  ideal  fuel  for  steam-boilers  wherever 
it  Clin  he  obtained  in  sufTieieut  quantity  and  at  rRat^onuble  eoet  as 
compared  with  ooal.  About  18[»0  it  wa^i  in  quite  general  uro  in 
western  Pennsylvania  and  in  many  places  iu  Ohio  aud  Indiana,  wlieu 
numerous  wells  furnished  va8t  quantities  of  gus  at  a  bi<;h  pressure, 
but  in  a  few  years  tlie  supply  diminish(s]  and  it  became  too  high  in 
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price  to  be  oommonly  u^ed  iu  uteHin- boilers.     Its  uso  is  now  coufined 
clnelly  to  housubold  yurposea.     The  following  are  some  unal^-aes;  * 

MATUHAli  UAH  IN  OHIO  AND  ISDIAXA. 

,- onto.  .      . Indtani.  . 

^riv^^-              IZ.     *K-  M^.-«.  «""«»«>.    "^^^  *=.:;^«?-  M.Hon. 

Bjdrogeu I.VO      l.d4  1.04  2.85       1.86  1.43  1.30 

MwBii-jfiut 93.M    83.35  t>8.83  92.67     98.07  91.18  93.67 

OlBtiMtgas SO        .B5  .80  .85         .47  .80  .15 

CarbuD  mouoxia* 65        .41  .44  .45         .78  .55  .80 

Cwbou  dioxide »0        .85  .23  .25         .36  .29  .90 

OVt.-"" 85        .80  .85  .35         .42  .80  .65 

^'"«g«" 8.82      8.41  2.96  8.53       8.02  2.60  3.42 

Bjrdrogi;ni(ulpLld«..       .15        .20  .31  .15         .15  .18  .20 

Approximately  30,000  cubic  feet  of  gas  has  the  heatiug  power  of 
one  ton  of  coaL 

Frodacer-gaL — Since  the  invention  of  the  Siemens  pro<Jnccr  and 
regenerative  furnace,  iu  1850,  bnd  their  general  introduction  into 
Dietidlurgioil  uud  glass  works,  niauy  attenipUi  have  b«eu  made  to  use 
proOuoer-gas  as  a  fuel  for  steam-boilers,  the  evident  advantago  being 
^  Mse  of  conveying  the  gas  iu  jiipcs  from  a  cent  rally-located  pro- 
dncer-plant  to  a  number  of  boilers,  the  facility  of  operation  of  the 
boilers  with  gaseous  fcBl,  and  the  aaviug  of  labor.  These  attempts 
havfl  generally  failed,  however,  on  acc;ount  of  t}ie  facta  that  the  gas- 
niaking  proress  always  entailed  sonic  Iobs  of  heat,  that  the  producera 
were  of  too  great  cost,  and  that  it  was  difiicult  to  drive  them  at  the 
varying  rates  usually  n^quired  in  Bti'am-hoiler  practice.  The  follow- 
ing aualysia  of  producer-gas  is  given  by  W.  II.  BlauveU:f 

PnODrCER-OA8  mOM  ONB  TOlf  OF  COAL. 

AiMlT«dB  by  Volume.  pprOi,  tTuhle  F(*t.  pound*.  Enual  lo- 

CO 25.8  33.218.H4  2451.20  1050.51  lb«.  C -f  1400.7  lbs.  O, 

H 9.3  13.077.76  68.66  63.56    "    H. 

CH, ai  4.06n.fl8  174.66  174  66    "    CH.. 

CH, O.fl  1.050.24  r7.78  77.78    "    C,H.. 

CO 8.4  4.468.53  519.03  I4I.M    "    C -F  877.44  lbs.  O. 

K(bydlirerfnc«1..  68.3  76.404.96  &65e.08  78C0.17    "    Air. 

100.0    181.280.00      8M5.8a 

Calctilated  npon  this  basiH,  the  131, 2R0  fL  of  gas  from  the  Ion  of 
COfll  contained  20,.11 1,162  B.T.U.,orl55  B.T.U.  per  cubic  foot,  or 
2270  B.T.TT.  per  lb. 

*  JfnginnfHnff  and  Uining  Jtmrnat,  April  21,  1604. 
t  Truti.  A,  1.  M.  E.,  xWU.  p.  614. 


144 


BTEAM-BOILKH  KCOJ^OMT. 


The  composition  uf  the  coal  from  wliich  this  gus  was  made  was  as 
follows:  WiiUir,  l.iO^f;  volatile  matter,  36.JJ*i)t;  lixed  carbon,  67. 1(8^; 
sulphur.  0.70^:  ash,  3.T8!i.  One  tou  cuutums  115y.fi  lbs.  carbon 
ami  T24.4  lbs,  volatile  combustible,  ibe  energy  of  which  is  31,302.200 
II.T.U.  iloijce.  iu  the  procusece  oi  gtwiticutioD  and  puritication  there 
waa  u  lofiti  of  33.3jt  of  the  energy  of  the  coal. 

The  fol  towing  table  of  compftrative  analyses  and  heating  values  of 
diiforent  tinds  of  gas  is  given  by  W.  J.  Taylor:' 

AuUirn,     Biliiinlo. 

CO o.w        6.0      WO       3*.u       a7.y 

H aw  40.0  -IIJ.O  120  12.0 

OH. »3.«  400  »0  1-3  a.6 

CH, 0.81  4.0  <'.4 

CO, 0.38  0.6  4.0  3.6  3.5 

N.! 8.61  1.8  8.0  67.0  OtJ.i 

O     O.M  0.5  0.5  08  0.8 

Viiwr 1.6  1.5  

Pouads  in  1000  coble  feet. . .        45.6  33.0  43.6  60.6  60.B 

He»t-UDit3  in  11500  cubic  feet  1. 100,000  73r),00O  8*^^.000  137.455  156,9lT 

Corn  as  Fuel. — It  is  quite  common  in  Nebraska,  in  years  when  the 
corn  crop  is  abundant  and  stalling  prices  low,  to  use  corn  instead  of 
coid  a«  fuel.  Prof.  C.  R.  Kicbanis  reports  in  Cassier's  Magazine  the 
results  of  two  boiler  tests,  one  with  com  tmd  one  with  good  Rock 
Springs  bitumluous  coal,  costing  in  Lincoln,  Neb.,  ^B.&Ti  per  ton. 
The  results  showed  that  the  cojd  gave  1.9  times  as  much  heat  per  lb. 
as  tho  com.  Tests  of  both  fuels  in  a  fuel  calorimeter  gare  7076 
B.T.U.  for  the  com,  and  13.010  for  tho  coal,  a  ratio  of  1  to  1.86. 
Other  calorimeter  tetiU  of  difTereut  sample  of  corn  gave  results  as  fol- 
lows: 

THE  HEATIXO   TAltTB  OT  rOBTT. 

Hi^Ua;;  Value  In  S.T  U. 

Kind  Of  SUIcvlal.  BUwrUl.  MAterlaL           Oamlitwiilil*. 

Yfllow  Dent  r4imaad  cob 8040  ....  .... 

Yellow  Deni  cum 8809  8959  9085 

Yellow  Duiii  cob 7214  7841  7956 

W  Ititv  l>i)iit  corn  nml  cob .*  7841  ■ ..  ■  .... 

Wl>it«  l>«ntooni 88$9  9190  9001 

WLit49lloDteob 7071  6174  8286 

Assuming  the  avorago  beating  valne  of  Nebraska  coal  at  11,500 
B.T.U.  per  lb.,  that  of  com  8040  B.T.U.,  and  the  weight  of  com  56 
lbs.  per  bushel,  com  at  10  cents  per  bushel  would  l>e  as  cheap  a  fnel 
as  coal  at  *5.11  per  ton  of  2000  lbs. 

•Trus.  A.  I.  M.  B.,  xvUi.  p.  306. 


FDRNACE8.  —  METHODS    OF  FIRING.  — SMOKE-PRIIVENTION.— ME- 
CHANICAL  STOKERS.-FORCED    DRAFT. 

Location  of  the  Furnace. — Ttie  ftimace.  or  fire-box,  of  a  steam- 
boilor  shonld  be  considered  as  no  apparatus  separate  and  distinct  from 
tlie  boiler  itself.  The  function  of  the  furuuce  is  to  generate  beat  by 
the  combui!tioQ  of  the  fuel;  that  of  the  boiler  is  totranRfer  the  beat 
into  the  water.  The  combustion-chamber,  when  there  is  one,  is  an 
extension  of  tht*  fire-box;  its  office  is  to  atford  space  in  wliich  to  com- 
plete the  combu&tioii  of  the  volatile  gasee  which  ai'e  imperfectly 
burned  in  the  fire-box. 

In  iuteruidly  fired  boilora.  such  as  the  locomotive,  marine,  L.inca- 
shire,  and  vertical  tubnlar  boileriJ,  the  fire-box  is  located  inside  of  tlie 
boiler.  The  chief  advantage  of  this  method  of  construction  is  it^  econ- 
omizing of  apace,  but  it  is  attended  with  the  disadvantii^es  of  limit- 
ing the  area  of  grate-surface,  and  thereby  limiting  the  coal-burning 
capacity  of  the  boiler,  and,  with  soft  coal,  of  jiroviding  insufficient 
■pace  for  a  combustion -chamber,  in  which  to  burn  tlie  volatile  ;raso6. 
Another  objection  to  the  internal  furnace  is  nsually  that  the  walls  of 
the  fire-box  and  combustion-chamber  are  metallic  aurfac(«,  kept  com- 
panilively  cool  by  tlie  water  in  the  Itoiler,  which  chill  the  fasce  and 
tend  to  prevent  their  combustion.  In  some  such  furnaces,  however, 
fire-brick  arches  or  walls  are  usi-d,  which  have  the  beneficial  effect  of 
keeping  the  furnace  at  a  high  temperature. 

With  other  types  of  boilers,  such  as  the  horizontal  tubnlar  and  the 
common  form  of  water-tube  boiler,  with  iuclined  tubes,  it  is  customary 
to  locate  the  funiaoe  immediately  underneath  the  Imiler,  between  the 
brick  walls  of  the  setting.  For  horizontal  tubnlar  boilers  this  method 
of  setting  is  usually  satisfactory,  for  the  width  between  the  side-walls 
of  the  setting  is  sutTicient  to  accommo<lHte  an  ample  area  of  grate-aur- 
&ce,  on  which  may  be  bunicd,  at  mndenitu  rates  of  combustion,  all 
the  cool  that  should  be  burned  for  the  amount  of  heating  surface  of 
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the  boiler,  When  soft  coal  is  used  thia  settiug  allows  of  a  long  travel 
o(  the  gases,  which  is  favorable  to  their  combustion,  and  fnrthermore, 
it  fumitiheti  suHicif^nt  space  lu  wliich  to  bnild  tire-brick  archer,  baOle- 
walls,  or  other  devices  to  more  perfectly  aocure  complete  combui^tiou. 

With  water-tube  buileni  of  the  iucliued-tube  form,  this  locution  is 
unobjetjtionable  when  large  aizoi!  of  aiitbracite  coal  are  uaed;  in  this 
case  tiie  grate-surface  is  sufficiently  large  to  burn  with  modcrato  draft 
all  the  coal  that  is  required  to  devulop  the  full  ecouomical  capacity  of 
the  boiler,  and  the  small  quantity  of  valatilu  gases  is  easily  bnrnHl  ia 
the  tire-box.  With  ainull  siz^s  of  coat  this  setting  does  not  piovide 
sufficient  space  for  grute-;»urfaco  enough  to  develop  the  u^ual  rated 
capacity  of  the  l>oiler,  unless  a  very  strong  draft  is  provided  either  by 
a  tall  chimney  or  by  mcchunicat  means.  The  tine  sizes  of  anthmcitQ 
usually  contain  a  coni^ideriible  purceutage  of  moislun.'-,  which  forms 
combustible  gas  by  its  de<x>iTi position  by  red-hot  carbon,  aotneof  which 
gas  is  apt  to  e-scapc  nnburned  unless  ubundunt  room  is  provided  for 
burning  it  itL  tha  lire-bos. 

For  bituminous  coal  the  ordinary  setting  of  an  inclined  water-tube 
boiler,  with  the  gus-puasages  rising  immediately  above  the  furmicc  into 
the  nest  of  tnbcs  above,  is  entirely  unsuitable.  There  is  insufticieut 
room  in  the  furnace  for  the  burning  of  the  gases  ;  they  are  chilled  by 
the  water-tnbes  above  the  furnace;  they  deposit  soot  upon  them,  dinitn* 
iahing  the  offectivencas  of  the  heating  flnrfaee,  and  ii  large  proportion 
of  the  gas  escapfw  unburned.  A  furnace  which  provides  a  long  travel 
of  the  gases  nnder  a  fire-brick  roof,  before  they  are  allowed  to  enter 
the  nest  of  tubes,  an  eh  as  the  sotting  of  the  Heine  boiler,  is  an  im- 
provement in  thia  rrapect,  but  such  a  furnace  is  not  well  adapted  to 
boilers  having  more  than  seven  horizontal  rows  of  tul>es.  for  in  this 
case  the  gas-passage  along  tho  tubes  is  of  too  largo  an  arm  in  cittss- 
section  to  cause  tho  current  of  hot  gas  to  completely  envelop  all  the 
tubes,  and  it  therefore  allows  of  "short-oircniting,"  rendering  some  of 
the  heating  snrftioe  incfTective. 

External  fire-brick  furnaces,  coinmotily  called  *'  Dutch  ovens,"  are 
nsoil  with  the  vertical  tyjiofi  of  water-tnbo  boilers,  and  to  some  extent 
M-itli  the  inclined-tube  boilers,  with  great  advantage.  When  projierly 
dfisipned  they  i«lmit  of  suflicient  areiis  of  grate-surface,  and  of  the  uso 
of  deflecting  arches,  bullle-walls,  etc.,  for  insuring  combustion  of  the 
gases. 

Bequirementa  of  a  Oood  Fnmace. — (1)  Tt  should  have  ample  coal- 
burning  capacity.     It  should  be  able  to  bum  the  amount  of  ooal 
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needed  to  generate  the  maximum  quantity  of  steam  that  may  bo  rc- 
quirud  during  miy  hour  of  the  diiy,  under  the  moet  tmfaronible  cuiidi- 
tions  that  may  bti  cxpoctod,  such  as  atmospboric  or  otlier  couditiona 
teuding  to  dimiuUh  tlie  chimuey  draft,  uud  coal  of  a  poorer  quality 
than  is  nmiHllv  fiirni8he<l. 

(3)  The  grates  eliould  be  of  such  a  kind  that  ash  and  cliolter  may 
be  easily  rtMnored  from  them  without  sLopi)iug  the  opemlion  of  the 
boiler  for  more  thun  a  few  minutes  lit  a  ti'iie,  and  the  burs  should  b^e  so 
Bpaoed  that  coal  is  not  apt  to  bu  wikitcd  by  falling  through  them. 

(3)  It  should  bo  80  constructed  us  to  be  capable  of  burning  thor- 
oughly all  of  tiic  gutws  thut  niuy  l>e  distilh'd  from  the  fuel  before  they 
come  in  contact  with  the  comparative!)'  cool  beating  sni'facea  of  the 
boiler. 

(4)  It  should  be  durable,  free  from  breakdowns  of  coa1-fceding  ap- 
pliam^cs  or  shaking  grates,  and  from  melting  down  of  fire-brick  arches. 

(5)  Furnaces  of  externally  firud  boilers  should  be  built  with  thick 
walls.  BO  aa  to  minimize  as  far  as  possible  los^s  of  he:it  by  radiation,  or 
preferably  with  double  walls  with  air-spacea  between.  The  air-B]MiceB 
may  with  advantage  be  so  arranged  as  to  cause  a  current  of  air  to  flow 
througli  them  into  the  ash-pit  or  above  the  fire. 

Burning  of  Anthracite  Coal. — For  large  %\zm  of  anthracite,  such  as 
egg,  almost  any  kind  of  furTiJic**  is  suitable,  and  no  great  degrcp  of  ekill 
is  needed  to  fire  tlie  coni  so  as  to  obtain  the  best  results.  With  all 
ordinary  proportions  of  gmte  and  hejiting  surface  a  moderate  draft  suf- 
HcoA  to  burn  enough  coul  to  drive  the  boiler  up  to  und  l>eyond  its  eco- 
nomical  rating.  Uaiid-firing  is  generally  iishI  with  this  nnal,  nnd  all 
that  the  fireman  needs  to  do  is  to  keep  tho  hL>d  of  coal  level  uud  of  a 
depth  pro]>ortionate  to  the  force  of  the  draft,  to  watch  carefully  to 
prt-Tent  the  formation  of  air-hotee  in  the  bed  of  coal,  and  to  clean  the 
firo  ut  long  intervals  of  time,  say  from  six  to  ten  hours.  When  there 
is  plenty  of  dmft  the  fireman  has  control  of  two  factors  governing  the 
combustion,  viz.,  the  dumper  und  the  thickness  of  the  bed  of  coal, 
which  ho  Cfin  regidate  at  his  pleasure.  With  a  given  force  of  draft, 
which  may  be  controlled  by  the  damper,  if  the  bed  of  coal  is  too 
thin  an  excessive  supply  of  air  passes  through  it,  causing  a  waste  of 
beat  in  the  chimney  gases;  if  it  is  too  thick  some  of  the  carbon 
will  bo  hnnied  only  to  carbon  monoxide,  instead  of  to  carimn  dioxide, 
causing  a  great  loss  of  beat.  The  latter  sonrce  of  loss,  when  there  is 
sutTicient  draft  available,  may  cjwily  l«j  preventc*!,  for  it  makcB  itself 
known  by  a  sluggish  action  of  the  (Ire,  the  presence  of  blue  flumes  on 
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the  bed  of  coul,  and  low  tcQipomturo  of  the  furnace.  The  remedy  ia 
eitlier  to  carry  a  thinner  bed  of  fire,  or  to  ojieu  the  damper  and  give  a 
stronger  draft  in  the  furnace.  The  loss  due  to  excess  of  air  on  account 
of  too  thin  a  btKl  of  coal  is  much  moro  common,  and  its  oflect  in  the 
furnace  le  not  so  apparent  to  the  fireman.  It  may  be  prevented  by 
carrying  as  thick  a  bed  of  coal  as  will  not  cause  the  tcm[>entture  of  the 
furnace  to  be  visibly  lowered  and  bine  flames  to  make  their  appejinince. 

in  all  casc«  the  highest  possible  temperature  of  the  furnace 
givea  tbu  highest  economy,  }irovided  the  heating  surface  is  of 
sufficient  extent  to  absorb  the  proper  proportion  of  the  heat  gtmersted, 
and  to  cool  the  gases  to  the  lowest  practicable  temperature  before  they 
re;icb  the  chinuiby-flue.  The  highest  Icuijicrature  i^  obtained  by  firing 
small  qnantitipfl  of  coal  at  a  time  and  hy  keeping  the  bed  of  cojd  at 
such  a  thickness  as  will  insure  complete  combustion  without  on  exces- 
sive supply  of  iiir  passing  through  it. 

With  sniiill  Bizea  of  unihriKMie  there  Is  more  diftieulty  in  securing 
the  best  conditions  of  combustion.  The  fineness  of  the  coal  tends  to 
choke  ihe  air-paitsugeit  throup-h  the  bed  on  the  grate,  and  a  thinner  bc<l 
has  thertffore  to  he  carried  unless  there  is  a  very  strong  draft,  and  a  thin 
bed  is  more  difticult  than  a  thick  one  to  keep  free  of  air-holes-  The 
coal  is  Hsnally  munh  higlier  lu  ash  than  large-j*ized  coal,  and  the  fires 
therefore  need  to  he  cleaned  oftener— an  operation  whicli  always  chills 
the  fire,  decreases  the  rate  of  steaming,  and  causes  a  waste  of  heat.  The 
evaporation  por  ]>i>uiid  of  combuatiblo  with  fiuB  sizes  of  coal  is  usually 
in  ordinary  practice  considerably  less  than  -with  egg  coal. 

In  order  to  bum  a  snfiicient  quantity  of  fine  sizes  of  anthracite 
coal  to  develop  the  required  capacity  of  a  boiler  it  is  common  to  nee  a 
forced  bhtst  provided  either  hy  a  fan  or  by  a  steam-jot. 

Burning  Bmall  Sizes  of  Antkracite, — The  report  of  the  Pennsyl- 
vania  State  Comniii^sion  on  "  Waste  of  Coal  Mining/*  1883,  contains 
the  following: 

A  number  of  experimenta  were  made  in  the  testing  laboratory  of 
Coxe  Bros.  A  Co..  by  >rr.  John  R.  Wagner,  in  burring  small  eoala 
with  a  forced  draught,  obtained  in  one  case  by  a  fan  and  in  the  other 
by  a  steam-jet.     They  showed: 

"  J-'irsf. — 'I'liat:  tin;  ashes  pro<lnced  by  a  steam-jet  were  never  as 
low  in  carbon  as  those  produced  hy  the  fan;  that  is,  an  appreciably 
larger  per  cent  of  the  carbon  was  utilized  by  the  fan-blast.  Tliis  ap- 
jKaira  to  be  due  to  the  fact  that  when  the  carbon  in  the  ash  over  the 
gralo  is  reduced  to  n  f^crtain  point  Die  steam  dampens  it  somewhat, 
and  it  ceases  to  bnrn  sooner  tliaii  it  does  whcni  dry  air  only  is  blown 
through  it. 


**  Second. — That  with  the  fau-bhwt  the  rate  of  combusUun  per 
square  fuuL  p«r  hour  is  grealer  than  with  the  Bt^iui-jet. 

**  Third. — It  was  found  that  where  a  bed  of  coal  was  ifpiited  aiid 
burned  out,  the  percentage  of  carhoii  iu  the  a«h  is  iniicli  lei^s  than 
where  coal  is  siiccessiTely  added  to  the  buniin;;  mans.  In  pmctice 
it  is  not  generally  poeaib'lc  to  allow  the  bed  to  hiini  out  HiifHcienLly 
before  addin]^  the  cold,  unigniled  coul;  the  result  is  u  damping  down 
of  the  fin-,  wliirh  ciiust-'H  the  aali  to  cuiise  burning  sooner  than  it  would 
do  if  there  were  no  reduction  of  tcmperatur*'  and  checking  of  the 
draught  dut-  lo  the  adding  of  the  coal. 

**  Fourth. — There  seems  to  be  no  doubt  that  the  introdnctiou  oj 
steam  into  the  ash-pit  decreases  very  materially  the  tendoucy  of  the 
coal  to  clinker  on  the  grate  iu  comparison  with  the  fan-blast  or  natu- 
ral drauglit.  It  also  changes  the  color,  volume,  and  character  of  the 
flame,  and,  owing  to  producer  uction,  iuereaties  the  distance  that  the 
flame  extends  beyond  the  bridge-wall.  In  many  cases  it  is  not  prac- 
tical, or  at  least  it  is  very  ditlicnlt,  to  tire  the  smaller  sizes  of  ooal 
without  the  steam-jot  on  iM-count  of  the  clinkering.  This  effect  of 
steam  on  ctinkcring  is  probably  due  to  the  fact  that  the  steam,  to  a 
certain  extent,  moistens  the  asli  trlueie  lo  the  grate  and  prevents  the 
ash  from  reaching  tbure  as  high  a  temperature  as  it  would  with  dry 
air.  It  is  also  jirobablu  that  the  docunijiusition  of  the  ^toarn  into  car* 
bouic  oxide  and  liydrof!;e!i.  which  takes  place  to  a  certain  extent,  aud 
which,  of  conrse,  it^  aifcom[iiniied  by  a  reiiuction  of  lomperuture,  tends 
to  prevent  dickering.  The  decomposition  of  theetcam,  nccompanied 
by  tlie  formation  of  carbonic  oxide  and  hydrogen,  will  prolmbly  ac- 
OODUt  for  the  difforonco  in  the  flame  referred  to. 

''Fifth. — A  careful  srudy  of  the  burning  of  culm,  that  is,  the 
burning  of  small  coals  with  more  or  less  dust  in  them,  in  these  and 
other  experiments,  seemed  to  show  that  in  almost  all  i-ases  it  is  accom- 
panied bv  a  very  high  percenbige  of  farltoTi  in  thi^ash,  which  analysis 
showed,  in  fiome  caaes,  reached  .5rt  pi*rcftnt.  ITnU-aa  special  preran- 
tionx  are  taken  to  prevent  it,  a  large  portion  of  the  fine  coal  runs 
down  through  the  grate.  When  the  calm  gets  red  hot  it  a(^ts  almost 
like  dry  sand  aud  works  its  way  Into  tlie  asb-pit.  tlius  increasing 
largely  tlie  percentage  of  carbon.  Where  coal  has  to  be  tranH|H>rt6d 
any  distance,  tlie  value  of  the  culm  at  the  mines  lieing  very  small,  it 
is  probable,  from  the  investigations  made,  that  it  would  !«  cheaper  to 
remove  the  dust  and  transport  only  the  larger  coal. 

"  .S'(>/A. — It  has  been  found  tliol  the  percentage  of  iron  pyrites. 
which  occurs  to  a  greater  or  less  extent  in  all  coals,  increases  very 
rapidly  with  the  smallness  of  the  coal.  This  is  due  lo  the  fact  that 
the  iron  pyritee  occur  generally  in  tliin  layers  or  in  incrustations  on 
the  coal.  These  thin  layers  are  broken  off  and  pulverized  in  the 
prc-paration  and  handling  of  the  coal,  ami  are  therefore  found  to  a 
much  greater  extent  in  the  very  small  coal.  It  is,  of  course,  well 
known  that  the  nresonce  of  iron  pyrites  in  fuel  in  very  nnddsimble,  as 
it  generates  sulpiiurous  acid  anil  has  a  t^^ndency  to  destroy  the  grates 
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or  other  irou-work  around  the  boilers,  bfuidea,  in  many  cases,  iuci 
[itig  the  ttiuileiicy  Lo  i-Iiiiker. 

'*  ikvmilh. — Thul  wlule  the  fun-blut  produces  the  best  ash  and 

gives  u  more  perfect  uiid  greater  rate  of  conibiistiou,  yet  in  many  uaiites 

it  iti  mure  udvuiitagcous  to  use  the  steam -blower  on  account  of  the 
fcHiikuriii^.  which  niuy  causo  very  serioua  trouble.     Iii  cL-rtuiu  locali- 

tii'ti,  particulurly  in  cities,  the  noise  of  the  steam-bluwer  is  6ometimeB 

II  didtulvuutage. 

•*  iCightli. — While  it  Is  not  positively  dtuioiistrated,  it  is  thought 
'that  the  «-juestionof  iiiiiin^  timall  coals  from  different  veins  of  difler- 

eiit  localities  \&  a  matter  of  ini])ortiincc.     It  wouhl  appear  that  sonic- 

times  two  coals,  each  of  which,  w!icn  burned  separately,  give  reason* 
I  ably  satisfactory  results,  when  mixed  tofretber,  clinker  and  give  trou- 
,  ble,  probably  because  tiie  asli  of  the  combined  coals  forms  a  much 
-more  fusible  silicate  than  either  of  the  uslies  separately. 
I  *'  Ainih, — It  would  seem  that  the  combHstion  of  the  small  anthra- 
f^cite  is  more  perfect  when  the  coal  remains  nndislurbo*!,  or  as  nearly 

as  possible  in  the  uuudition  in  wliicb  it  wiw  put  in  the  tire,  instead  of 

boiiii,'  turned  over  so  lliat  the  partially  consumed  and  the  unconsuined 

coaJ  are  mixed  together." 

Comparative  Efficiency  of  Steam-  and  Fan-blowere.— The  following ^ 

►  record  of  compurativt:  lesls  of  steam-  and  fan -1)1  owe  re,  made  on  three' 
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plain  cyiiuUer  boilers  ut  Ibe  Short  Mountain  Colliery,  Lykens,  Pa.,  vofr 
publiahetl  in  tliu  Cvllitry  En^ifmsr,  August,  1897.  The  coiiiiitioua  iu 
each  coso  wore  the  mtaQ-^  ricu  coal  being  used  sa  fuel  ou  a  sectioual 
gnite  with  12  per  cent  uir-opcuiugs. 

The  fan-blovrer  conaieted  of  a  gangway-fan  33  in.  diara.,  4-  puddles 
9  X  9J  in.,  driven  by  a,  gmall  elide-valro  engine  with  cylinder  4^*,  ir»- 
diara.,  7|^  in.  elroke.  Steaui  was  isupplted  by  a  small  upright  boiler  ou 
which  an  evaporative  test  was  mn  during  the  test  on  the  cylinder 
boilers. 

The  atcani-blowt;r  was  made  of  |-in.  pipe,  circle  6}  in.  diau).,  16 
holes,  tapered  ^  iu.  outride,  ^  in.  inside,  diam.  Steam  was  supplied 
by  the  iqiright  boiler  on  wbieh  a  teat  was  run  us  above.  Duration  of 
each  tmt,  8  huure. 

The  saving  of  fuel  hy  the  use  of  the  fan-blower,  as  compared  with 
the  steam- blower,  was  13. 'J  per  cent,  taking  into  accoiiut  the  steam 
ased  by  each  blower. 

Orate-bars. — Two  stylfBof  grate-lrarB  in  common  use  are  shown  in 
Figs.  VZ  iiiid  13.     Tlte  first  ia  a  plain  cast-iron   bar,  tapered  iu  cross- 
section,  su  as  to  make  a  wider 
ojmning  between  the  bars  at 
the  lower  than  at  the  up|>or 
edge.    Projections  are  cjwt  ou 
the  sides  of  the  bars  to  keep 
them  at  the  proper  distance 
apart.  The  secoml  is  channel- 
shaped    in    cross -section,    with 
V-shaped  openings. 


Pio.  la. 


the  upper  surface  provided  with 
Thn  total  area  of  the  air-spaces  ia  usually  ntude 
fnmi  30  to  50  per  cent  of  the  total  area  of  the  gnite-snrface.  The 
width  of  the  air-spuce^  and  of  tho  bars  or  ribs  differs  according  to  the 
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size  and  kind  of  coal  used.  For  fine  sizes  of  anlhraclto  the  spaces  are 
made  as  narrow  as  |  inch.  I**or  large  sizes  of  anthraoit«>  and  for  "  run- 
of-mine  "  soft  coal  they  are  often  made  as  wide  aa  1  inch.  When  the 
ash  of  the  coal  tends  to  form  clinkerii,  narrow  air-spaces  are  objection- 
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able,  as  they  are  apt  to  become  clogged,  and  are  difHcult  to  keep  open 
BO  as  to  allow  a  suflicient  supply  of  ntr  to  pasa  thi-ough  them. 

The  retjisUiiice  lo  the  pa^tia;.^  of  air  through  the  ^rate  nnd  tlio  bed 
of  coal  Jyiug  upon  U  depeuda  upoa  uther  things  bt;sidc8  thu  size  of  the 
air-spaces  in  the  grate,  such  as  the  size  of  the  coal,  its  qunlity  as 
T^ards  coking  or  non-cokiuc;,  the  thicknces  of  the  bed  of  coal  and 
aahes,  llie  prcsoiice  ur  absuuce  of  cliuker,  etc.  With  coaln  lliuL  are 
low  in  aah,  and  the  ash  non-clinkering,  it  is  possible  to  bum  the  coiU 
with  verj'  narrow  air-spaces  through  the  grates. 

Fine  sizt'S  of  authraeite  are  sometimes  burned  on  Qat  cast-iron 
plates  pei'forated  with  tapering  holes  aljout  ^  iuuh  diameter  at  the 
upper  surface,  the  total  air-space  being  about  25  per  cent  of  the  gmte* 
area. 

Mr.  F.  A.  Schefflor  *  reports  a  test  in  which  grate-bars  of  the  form 
shown  in  Fig.  13  were  used,  with  the  air-spaces  ouiy  about  ^  inch  wide, 
iiud  the  total  area  of  air-tJpju:B  only  iibout  15  jter  cunt  of  tbu  grate^i^ur- 
face.  The  coal  was  Pittsborg  run-of-mine.  With  a  draft  pressure  of 
0.46  in  water  column,  the  rate  of  conibuBtion  was  '^4.8  lbs.  of  coal  per 
eq.  ft.  of  grata  per  hour,  a  rate  sullioient  to  drive  the  boiler  to  much 

ive  its  mted  capacity. 

On  the  other  hand,  the  author  once  mmle  a  test  with  minois  coal 
containing  a  large  percentage  of  sulphur,  with  bars  of  the  sumo  tyjie, 
the  air-spaces  being  ^  inch  in  width  and  with  a  draft  of  0.4  to  0.5 
inch,  but  wa^  unable  to  mninlain,  even  witli  the  mRximum  ilraft.  a 
rate  of  combustion  sufficient  to  dorclo])  the  rated  capacity  of  the  Iwiler. 
In  this  case  the  ash  fused  Into  a  glass,  which  ran  iulo  and  choked  Iho 
iiir-Rpiwes. 

Shaking-  and  Dumping-grateB. — With  coals  of  the  character  just 
deecrihed,  shaking-  or  dumping-grates  are  almost  a  necessity,  unless 
mechauicftl  stokcin  are  used  in  preference.  Many  different  forms  of 
such  grates  are  in  the  market.  They  may  Iw  divided  into  three  gen- 
eral classes:  1.  Shaking- or  Hocking-grates;  S.  Dumping-grates;  3. 
Shaking-  and  Dnmping-grates.  In  the  first  class  the  bars  are  usually 
divided  into  small  sections,  which,  by  moans  of  rocking-bars  and 
levers,  are  given  an  oscillatory  or  reciprocating  motion,  which  causes 
the  ash  to  fall  through  between  tho  sections.  In  the  second  class  the 
sections  are  made  larger,  and  when  the  tires  are  to  be  cleaned 
from  clinker  the  aecHons,  or  a  part  of  them.  STich  as  those  covering 
one-quarter  of  the  whole  grate-oroa.  are  i-orkcd  from  a  horizontal  into 
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a  vertical  poaition,  thus  breaking  ap  the  clinker  and  allowing  it  to  Call 
through  the  large  openings  ihm  made.  In  the  th'rd  elaas  the  sections 
are  provided  with  mechanism  by  which  either  the  shaking  or  tha 
dumping  motion  may  l>e  given  at  will.  For  iion-elinkcring  coals 
the  lirst  and  third  classes  are  used,  and  for  clinkcring  -^oals  the  second 
and  third. 

Tlio  use  of  shakiiig-grat€8  usually  entaila  a  Ices  of  some  nnbnrueil 
coal  through  the  gnites,  amounting^  with  the  most  careful  handling, 
to  from  1  to  3  percent  of  the  total  coal  use^I;  but  this  loss  is  often 
more  tlian  offset  by  tiio  gain  duo  to  the  more  complete  combustion 
which  is  obtained  when  the  air-suppljr  ia  unrestricted  by  ash  and 
clinker. 

The  KoClave  Grate  is  shown  iu  Fig.  t4.    The  rear  sention  is  shown 
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Pio.  14.— The  McClatk  tiaATR. 
in  the  usual  position.     The  front  section  is  shown  with  the  bars  tiltod 
up  for  breaking  the  clinker. 

Each  row  or  section  of  grate-bars  is  divided  into  a  front  and  rear 
lerieB  by  means  of  tn-oaeparalcconnectlng-Wrs.  0}v^nited  by  twin  stub- 
lerers  and  connecting-rods,  with  an  operating  handl<>  adapted  to  grasp 
either  one  or  both  of  the  lovers  in  such  a  manner  that  the  front  and  rear 
series  may  be  operated  ttejftirati'ly  or  topcLhcr.  This  provides  for  cleaa- 
ing  ont  the  won*!  kind  of  clinkers  without  wasting  the  uucousumed' 
fuel  ou  the  surface,  as  that  may  be  shoved  over  on  the  stationary  part 
while  the  clinkers  and  ashes  of  the  other  series  are  being  cut  through 
into  the  ash-pit. 

The  McClave  grato  is  extensively  used  for  burning  bnckwheat^ 
birdseye,  and  other  fine  sizes  of  anthracite  coal.     It  ia  also  used  in  tha 


coal  regions  for  biirning  cnlm  or  the  refuse  of  the  minee.  Concern- 
ing the  use  of  culm  as  fuel  the  circului'  of  tho  uianufaoturers  of  the 
McClave  grate  aajs: 

"  In  the  iLnthrecitc  coal-HelcIg  the  waste  prodact  of  tlie  mines,  com- 
monly railed  culm,  bius  proved  to  bu  a  most  excellwitfuel  forateum  piir- 
poftcfl  and  is  now  being  fiiiccesafully  used  by  the  largest  maiiufjirturt're 
and  i>roducer8  in  the  coal  re;iiou.  Tbo  cost  of  this  fuel  ut  tho  mines 
is  merely  nominid,  but  in  order  to  burn  it  successfully  it  ejiould  cun- 
taiu  at  least  fiO  per  cent  of  buckwheat  and  should  be  fresh  from  the 
mine,  for  when  the  buckwheat  is  nearly  all  screened  out  of  it,  or  when 
it  has  been  oxjiosed  to  tho  weather  for  any  considerable  length  of  time. 
It  is  comparatively  worthless  as  fnol.  A^in,  it  will  not  piiy  to  ship  it 
any  great  distance,  as  the  freight  on  cnlm  is  just  us  mncli  per  ton  as  it 
ia  on  buckwheat  coal,  which,  for  st«am  purpotsos,  is  a  much  better  fuel 
than  culm,  and  costs  at  the  mine  only  from  30  to  3d  cents  per  ton 
more  than  culm." 

Tho  Argand  Steam-blower,  shown  in  Figs.  15  and  16,  is  commonly 
nsed  in  connection  with  the  McOIave  grate.     It  dellrers  a  largo  volnme 
of  air,  mixed  with  steam,  under  the  grate.     The  steam  is  delivered  to 
the  blower  througli  a  metal  ring,  perforated 
with  small  holes  on  the  edge  nearest  to  the 
ash-pit.    The  jela  of  8t«am  induce  a  etrong 


Fio.  15. 


Fio.  16. 


cnrrent  of  air  which  is  blown  under  the  grate.  While  the  tiee  of  a  steam- 
jot  is  usually  the  moat  wasteful  muthod  of  producing  draft,  it  has  certain 
advantages  over;*  dry-uir  blast  for  tlie  burning  of  cheap  coals  high  in  ash. 
The  docompOBition  of  the  steam  into  oxygon  and  hydrogen  by  the  hot 
carbon  in  the  bed  of  coul  is  a  cooling  process,  which  tends  to  prevent  the 
formation  of  clinker  on  the  gnitcs.  The  heat  absorbed  by  th  is  decompo- 
sition is  again  generated  when  the  gasee  arehtimed  in  the  fire-chamber 
above  the  grate,  so  lliat  the  only  losses  due  to  the  usu  of  st4?ani  are  the 
oost  of  the  steam  itseii  and  tho  lieat  required  to  superhojtt  it  to  tho 
temperature  of  the  chimney  gases. 
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How  to  Burn  Soft  Coal. — Of  all  known  muthods  of  buniing  soft 
■coal  the  worst  is  thf-'  one  wliith  is  mont  comnmniy  pmctiswi,  viz.:  tliiit 
of  buruiug  it  iu  a  cumniou  ruruace,  cuusisting  of  a  set  of  grate-bars 
AQil  a  space  of  cotiti'acttid  diinenflioiis  between  them  and  the  heating 
surface  of  the  boiler,  the  coiU  being  foil  by  hand.  This  method  is 
suitable  for  autbracite  coal,  the  suiiUU-r  bizcs  eoutaiuiug  niuuh  sur- 
face  moisture  perhapB  excepted,  but  when  used  for  bituminous  coal  it 
is  objeclioDublo  both  on  account  of  smoke  and  on  account  or  loss  of 
et'ouDiiiy.  Tbu  objeelious  to  the  metbud  increase  the*  further  we  go 
Wetit  from  the  anthracite  coal-fiulda  of  Peiuisylvauia,  Infiug  least  with 
the  senii'bituniinotis  coals  of  Pennsylvania,  Maryland,  and  Virginia, 
and  increasing  as  wo  go  westwnrd  and  find  the  percentages  of  moisture 
Aud  xf  volatile  mutter  both  increaiiing. 

Objections  to  the  Common  Method. — The  reasons  for  the  difficulty 
in  obtaining  high  economy  from  the  bituminous  coals  when  Imnd-lircd 
in  ordinary  furnaces  may  pfiha]>s  be  understood  if  we  consider  the 
aequence  of  events  that  take  phu;e  between  two  consecutive  firings,  at 
an  interval  of,  say,  five  or  t«n  minutcf^  apart.  8up|)osc  that  just  before 
firing  fresh  coal  an  intensely  hot  bml  of  coke,  say  G  inches  deep,  is  lying 
npoii  Ihe  grat«-burfl.  FlaU  a  dozen  shovelfuls  of  coal,  much  of  it  of 
fine  size,  arespreiul  evt^uly  over  the  bcnl.  The  firjl  thing  that  the  fine 
fresh  coal  does  is  to  choke  the  air-spaces  existing  through  the  bed  of 
«oke>  thus  shutting  off  the  air-supply  which  is  needed  to  burn  the 
gaees  produced  from  the  frciih  coal.  The  next  thing  is  u  very  rapid 
evaporation  of  moisture  from  the  coal,  a  chilling  process,  which  roba 
the  furnace  of  heat.  Next  is  the  rormation  of  water-gna  by  tho  chem- 
ical reaction,  C  -f  11,0  =  CO  -f  SII,  the  steam  being  decomijosed, 
its  oxygen  bnniing  the  carbon  of  the  coal  to  curlwuic  oxide,  and  the 
hydrogen  being  liberated.  This  reaction  takes  place  when  6t4?am  ii 
brought  in  contact  with  highly  heated  carbon.  This  also  is  a  chilling 
process,  absorbing  heat  from  the  furn:ices.  The  two  valuable  fuel- 
gases  thus  generated  would  give  back  all  the  heat  absorbed  in  their 
formation  if  they  could  Ijc  burned,  hut  there  is  not  enough  air  in  the 
furnace  to  hum  them.  Admitting  extra  air  through  the  firo-door  at 
this  time  will  be  of  no  service,  for  the  gnsos  being  comparatively  oool 
cannot  be  burned  unless  the  air  is  highly  heated.  After  all  the  mois- 
ture has  lieen  driven  off  from  the  coal,  the  distillation  of  hydrocarbons 
begins,  and  a  considerable  portion  of  them  cscai^ee  unburned.  owing 
to  the  deGcieucy  of  hot  air,  and  to  their  being chilletl  by  the  relatively 
cool  heating  surfaces  of  the  boiler.    During  all  this  time  great  volumes 
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of  smoko  are  escflpiug  from  the  chimney,  Wgether  with  anbunied  hy- 
drogen, bydrocurbous,  and  carbonic  oxide,  all  fuel-g&aes,  nrhilu  at  the 
same  time  tioot  \a  tjei'ng  de^)06it^d  on  lliu  heating  Httrfaco,  diminiBhin^  ita 
edicicueym  tmusmitLiug  heut  to  the  water.  At  length  the  distiUiitiou 
of  the  hydrocarbons  proceeds  at  a  slower  rite,  the  very  fine  coal  which 
at  first  obetmcted  tho  air-supply  is  partially  burned  away,  sufiieient 
hot  Air  cumcs  through  the  bed  of  hot  coke  to  burn  thuroughly  all  the 
gaaoa,  luid  such  a  balance  of  conditions  between  the  amount  of  gas 
genemted  and  t}i6  aTnoiint  of  air  supplied  existti  that  the  best  possible 
conditions  for  maximum  economy  are  obtained  and  the  cliimnt^-gase* 
arc  then  smukcle^.  Finally  the  gases  are  all  distilled,  and  a  bed  of 
coke  rcniainFi,  wliich,  oa  long  as  it  is  thick  enough  with  rolutiou  to  the 
air-supply,  will  burn  under  good  conditions  for  economy,  but  as  soon 
as  it  bums  down  low  and  the  air>spaceii  become  large  enough  to  allow 
an  pxireRsive  Mijiply  of  airintit  the  furnace,  a  new  condition  of  tioor 
economy  is  reached,  the  execi^d  of  air  passing  up  tho  chimney  carrying 
away  heat  which  should  have  been  utilized  in  the  boiler. 

The  waste  of  Tuel  is  not  the  only  loss  occasioned  hy  the  prevalent 
wrongful  method  of  buming  soft  coal.  In  all  western  citiex  the  de- 
preciation iu  yalno  of  residence  property  in  the  vicinity  of  factories, 
the  cost  of  painting  and  re]>ainting  of  houses  and  stores,  Ihe  ^instant 
scrubbing  and  wushiug  to  remove  soot,  and  the  destruction  of  textile 
ftibrics,  if  they  could  all  be  expressed  in  dollars  and  cents,  would 
amount  to  an  enormous  total. 

Smoky  Chimneys  not  Necessary. — All  of  the  loss  due  to  smoky 
chimneys  it  is  quite  po^iblo  to  avoid,  by  the  use  of  well-knowu  uud 
well-tried  appliances.  The  principles  which  govern  the  complete  and 
smuk(4eM  combustion  of  bituniiiiou^  coal  are  simple  enough,  but  ihe 
application  of  these  principles  in  practice  hia  hitheno  boon  usually 
considered  to  involve  extra  cost  of  installation  of  a  boiler  jilaut,  extra, 
cost  of  repairs,  and  extra  trouble.  Tho  fear  of  extra  cost  and  trouble, 
together  with  exceeding  conservatism  of  factory  owners  iu  rcganl  lo 
everything  connected  with  steam -boilers,  have  been  the  chief  olfflfcmc- 
tions  to  the  universjd  u»e  of  »mokoIess  furnaces  in  our  western  States. 
Theao  obstructions  are,  however,  rapidly  being  removed.  Alany  large 
concerns  have  recently  introduced  smokeless  furnaces,  not  to  aliate  a 
nuinauce,  but  to  save  fuel  and  labor,  and  within  a  very  few  years  it 
may  be  expected  that  their  use  will  be  almost  nniversal  in  large  boiler 
plants. 

How  to  Avoid  Smoke. — Coal  can  be  burned  without  smoke,  pro- 
Tidetl: 
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I.  The  gaeea  are  distilled  from  the  coal  sUnvly, 
n.  That  the  gaaee  when  dislillod  ore  brought  iuto  intimate  con- 
tact with  vertf  hot  air. 

III.  Thut  they  ure  burned  in  a  hot  fire-brick  chamlwr. 

IV.  That  while  burning  they  are  not  iiilowtil  to  come  in  contact 
with  comparatively  cool  surfaces,  such  wb  the  shell  or  tubes  of  ii  steam- 
boiler;  tbia  meaiitj  that  the  gu&cs  slmli  huvesuEIieient  t>]>ace  and  time  in 
which  to  burn  before  they  are  allowed  to  come  in  contact  with  the 
boiler  surfaces. 

Practical  Success  of  Smoke-preTentlon. — Mr.  Alfred  E.  Fletcher, 
Chief  Inspector  of  the  Local  (joveriimcnt  Board  in  Scotland^  in  his 
report  for  1892,  says  : 

•*Thi8  problem  of  iwmhating  the  emokc  nnisanre  must  be  carried 
on  like  other  strugglutj  by  atlJickiug  the  weaker  part  tirKt,  and  in  this 
«aae  it  is  the  black  part  of  the  smoke.  Although  this  pari  of  the 
problem  is  riot  easy,  yet  it  is  possible  of  solution,  and  has  been  in  many 
ways  successfully  attacked  as  fur  as  the  smuke  uf  factories  is  con- 
cenieil. 

•*  In  my  report  for  the  year  1888.  t  gave  an  account  of  oxperimenta 
undertaken  in  this  c:iusc.  I  there  detailed  the  result  of  the  esaniinalion 
of  the  smoke  from  52  furnaces  taken  indifferent  [wrtj*  of  the  country, 
where  various  kimln  of  coul  were  burnt,  and  in  different  forms  of  fur- 
nnee.  Tin-  analyses  of  the  pases  of  comburition  allowed  that  there  were 
^reut  differences  in  the  proportions  of  air  a4lmitted,  and  that  in  nil 
cases,  even  where  the  smoke  was  blackest,  there  waa  an  excess  of  air. 
Th:it  the  imperfection  of  the  coiiibuation  did  not  uTife.  from  want  of 
air  in  the  lire,  but  from  a  misuse  of  it.  It  is  obvious  that  unless  the 
air  is  niixe*!  with  the  carbonaceous  irases,  combustion  ia  in)|>08aihle.  and 
also  uuless  thnt  mixture  is  maintained  at  a  sufficiently  lii^b  leuipei-a- 
tnro.  In  sliort,  as  has  been  often  [minted  out.  there  must  be.  lirslly. 
a  suflicioDcy  of  air;  secondly,  that  air  must  be  brought  into  contact 
with  the  fuel,  both  solid  and  gaseous,  and  thirdly,  tlie  mixture  of 
the  gaws  and  the  air  must  ho  maintained  for  a  suQleient  time  at  a 
temperature  of  incandescenre.  Th«ie  conditions  are  simple,  but  the 
necwwity  of  proviJinfi  them  is  not  alwiiys  kept  in  view.  ...  It 
would  be  uni!uital)le  liere  lo  mention  the  nam<^  of  the  numerous 
makers  of  these  appliunce^).  but  it  may  with  confidence  be  assened  that 
consumers  of  coal  in  almost  all  kinds  of  furnaces  hare  it  now  in  their 
power  to  conform  with  tlie  re<|uircnK'ntH  of  tlie  Public  Health  Act, 
and  prevent  the  discharge  of  black  smoke  from  tlieir  chimneys.  As  a 
proof  of  this,  one  prominent  instance  can  bo  mentioneil  of  a  large  c])em- 
ical  workfl,  where  may  be  seen  a  row  of  flO  larpe  Lancashire  boilers^ 
«ach  with  two  furnaces,  and  an  equal  number  of  furnaces  applied  to 
other  pur[>oses  than  that  of  raising  steam,  making  in  all  as  many  as 
200  lirea.      Till  lately  n  row  of  fonr  chimneys  poured  out  a  mass  of 
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bluck  snioke,  wliich  nhruuded  tliu  wliolo  district  in  its  pull;  iiow  ihey 
are  smokelesB  aa  far  a»  color  is  couccrutd,  aud  only  fully  burnt  color- 
less j;u8t'8  lire  seut  into  tlic  air.  " 

Requirements  of  a  Smoke-preventing  Furnace. — A  committee  ap- 
pointed by  the  Engineers'  Club  of  St.  TiOuis  in  1891  iuveatigatod  the 
various  smoke-consuming  devices  then  in  the  market.  After  defining 
the  nuture  of  tho  problem  of  smuke-cunsumpliou  Lite  cumniiltcti  hiid 
down  the  following  ten  re<iuirennnit8  which  any  smoke-con^nming  or 
prfventitijL.'  device  must  satisfy  in  order  to  fully  moot  the  varying  cou- 
ditiona  obtaining  in  ordinary  practice,  vin. : 

1.  It  should  develop  such  high  temperature  and  oxidizing  action 
ai  to  insure  the  combustion  of  the  free  or  separate  carbon  which  forma 
the  visible  smoke. 

2.  It  should  insure  regularity  of  nction  under  the  varying  condi- 
tions induced  by  charging  fresh  uoal,  cleaning  lireSf  luuttentiou  of  tire- 
mau,  etc. 

3.  It  should  not  be  Busceptihlefo  derangement  under  the  condirione 
likely  tfl  obtain  in  uao,  sucli  as  carelessness  of  Hremen.  inferior  water, 
bad  clinker,  etc. 

■I.  (f  there  is  any  increase  in  the  cost  of  operation  it  should  ba 
SDiull. 

6.  Tho  capacity  of  the  apparatus  should  be  such  that  efficient 
action  will  be  Bocnred  not  only  when  the  boiler  is  working  up  to  its 
full  ratetl  caimcity,  but  even  when  forced  in  order  to  meet  extraordi- 
nary demands, 

G.  The  ap|>aratu8  sfaonld  be  readily  adjustable  to  all  forms  of  boilers 
and  b'>iler-settiiig(i. 

7.  It  should  be  susceptible  of  application  to  boiler-settings  where 
the  spare  is  already  limited. 

8.  It  should  be  of  r-omparatively  low  first  cost.* 

9.  Repairs  should  be  i^midl  in  amount,  easily  utadeand  low  of  cost. 

10.  The  apparatus  shonld  operate  without  injury  to  boiler  or  other 
accessor  ies. 

The  committee  clftBsitied  the  various  types  of  smoke-preventing  de- 
vices which  have  thus  far  been  proposed,  as  follows: 
I.  Hteani-jets. 
3.   Klrebriuk  arclics  or  checker-work. 

3.  Hollow  walls  for  preheating  air, 

4.  Coking- arches  or  chambers. 

5.  Double-oombustion  fumaoes. 

6.  Downward-draught  furnaoeB. 

7.  Automatic  stokers. 

•  This  is  not  rrldcnt.  Wilb  IlHnnii!  rwila  n  uiinfr  of  from  10  to  20  ]wr  CPOt 
may  be  mmli'  hy  llie  uso  nf  k  kimhI  ■uiiiik'—iirrvfiiitinjt  fiirnacf!  us  oompnretl  witli 
tlie  flrdiiiKrv  Turuac".  Tlikn  would  wu-rsnt  ibe  luta  of  iba  moAt  coetly  faruaoe  or 
automatic  stoker  in  tlie  msckct, 
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Methods  of  SecuriDg  Complete  CombnstiOD.. — The  fundameutal 
condition  of  perfect  coinbustiou  of  soft  coal  \a  that  eTery  particle  of 
the  gvta  distilled  from  the  coal,  includiiijic  tho  witter-gas  mnde  by  de- 
com]H>>jing  it«  moiattiro,  Ik  btvught  in  coutuct  with  u  sufficient  supply 
of  very  hot  air  to  bnrn  it,  the  mixing  of  the  gas  and  air  taking  place 
at  a  siifTicicnt  distance  from  the  heating  surfaces  of  the  holler  so  that 
they  do  not  bucome  i-ooUhI  bflow  tho  tumpcTalure  of  ignition  before  tlie 
combustion  takoe  place.  It  is  impossible  to  secure  this  condition  in  an 
ordinary  furnace  with  hand-firing  and  a  level  bed  of  coal. 

It  may  be  secured,  however,  to  u  couaiderubie  extent  with  hand-fir- 
ing if  some  modifications  of  the  fvrnaoe  and  of  the  method  of  firiDg 
are  made.  The  change  required  in  the  furnace  is  tlie  roofing  of  it 
with  tiro-brick  and  the  pmvi^iiou  of  a  large  tire-brick  combustion-cham- 
ber iu  which  there  shall  be  sufticieot  space  and  time  allowed  for  the 
separate  currcuts  of  gas  and  of  heated  air  to  become  IntJoiately  mixed 
before  eomiug  in  eonlaet  with  the  boiler  surfucea. 

The  Coking  System  of  Firing. — The  change  required  in  the  method 
of  firing  is  such  a  cliaiige  that  ihc  whole  bed  of  the  tire  &haU  not  at  the 
flame  time  be  covered  with  fresh  coal.  To  effect  Chis,  either  the  coking 
system  or  the  alteniatf^-tiring  system  may  be  used.  In  the  first,  or 
coking  system,  the  fresh  r-oal  ia  piled  uji  on  the  front  half  of  the  bed 
while  the  rear  half  has  a  level  be<i  of  half-burned  coul  upon  it.  The 
giLies  distilled  from  the  fresh  coal  then  pass  over  the  rear  half,  through 
which  an  excess  of  air  is  entering,  being  heated  as  Llicy  puss  through 
the  be<l  of  coke.  The  two  <,>urrenl«  of  gas,  one  containing  the  distilled 
gases  and  the  other  the  supply  of  hot  air,  intermingle  in  the  hot  com- 
buation-chaniber.  When  nearly  all  of  the  gas  has  been  distilleil  from 
the  pile  of  coal  in  the  front  half  of  the  furnace,  the  i)i]eiB  pushed  back 
and  levelled  over  the  rear  half,  and  either  immediately  or  within  a 
miniile  or  two.  according  to  whether  the  gases  hare  bei_>n  more  or  less 
completely  driven  oil,  fresh  coal  is  again  piled  in  front.  With  some 
ooalH  the  coking  system  cannot  be  advantageously  used,  namely,  those 
coAJa  whieh  contjiin  a  large  (piantity  of  very  fusible  ash.  In  pushing 
back  the  coked  coal  onto  the  rear  of  the  grates,  the  a«h  lying  thereon, 
and  which  may  have  been  kept  below  the  fusing  temperature  by  tlie 
air  iMSsiug  through  it.  becomes  mixed  with  the  coked  coal,  which  just 
ofler  being  pushed  back  burns  with  great  rapidity,  generating  a  very 
high  temperature,  melting  Uie  ash  and  causing  it  to  run  and  choke 
the  air-spacea  in  the  grate. 

The  coking  system  involves  a  greater  amount  of  labor  and  attention 
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ou  the  part  of  the  Ereniec  thau  ordiuary  levul  firiug,  uud  they  some- 
times object  to  it  on  that  account.  To  vhat  extent  the  coking  epleni 
of  tiring  will  reduce  the  amounl  of  smoke  depends  on  tho  character  of 
tlie  coal,  ou  the  ttktli  of  the  fireman^  and  on  the  size  of  the  Hre-briuk 
<»nibu  at  ion-chamber.  The  lower  tho  percentage  of  moisture  acd  Tula- 
tile  matter  the  less  emoke  will  V>e  made  with  an^  system  of  firing,  and 
the  more  complete  will  bo  its  Bnpprcesion  with  the  coking  system. 
Tile  smaller  the  quantity  of  fresh  coal  fired  at  a  time,  and  the  greater 
the  care  exercised  by  the  fireman  lo  keep  the  quantities  fired  each  time 
and  the  intervals  between  firing  iiuiform,  aiul  to  keep  the  bed  of  coal 
in  the  rear  level  and  not  too  thick,  the  less  will  bo  the  amount  of 
gmoke.  The  larger  the  combustion-chamber  in  which  tlie  currents  of 
smoky  gas  and  of  hot  gas  8urchargcd  with  air  uuite^  ibu  longer  time 
will  be  afforded  for  their  admixture,  the  more  complete  will  be  the 
coinbdstinn,  ami  tlie  loss  will  bo  tlie  smoke. 

The  Walker  Furnace,  Fig.  17,  represents  a  furnace  in  which  the 
coking  system  of  firing  is  used.  The  forward  part  of  the  grate,  F, 
is  Btalionarj',  and  slopes  towards  tlie  rear  of  the  furnace.  liack  of  it 
is  a  dumping-gnitc,  V.  The  fresli  fuel  is  tired  upon  the  front  part  of 
tho  grate,  and  after  the  vuhitile  g:ise!i  have  been  distilled  it  is  jiushed 
back  npon  tho  duuipltig-grale.  Air  is  udmliicd  through  both  gmiee, 
and  also  through  the  cuiiduit,  A".     Tlio  air  for  tins  conduit  may  be 
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Fia.  17.— The  Walkkr  PtmsACB. 

bronght  from  passages  in  the  side  walls  in  which  it  is  heated.  A  fire- 
brick arch,  C,  with  a  vertical  wall,  h,  above  it,  serves  to  deflect  the 
mixture  of  air  and  smoky  gases  down  upon  the  incandescent  coke 
lyiug  upon  the  dnmping-grato.  This  insures  complete  and  smokeless 
-combustion  if  proper  care  Is  used  in  firing. 


FURNACBH.-MKrBODa   OF  fJRlXO,  ETC. 


161 


Alternate  Firing. — A  method  of  firing  which  eeems  to  have  all  the 
adrunUiges  of  the  uokiug  system,  and  dodo  of  its  disadTautagcs>  is  that 
known  as  alternate  firing.  It  coiisista  in  Hring  freah  coal.  firDt  on  one 
hnlf  of  the  be<l  of  the  fnmnce,  anil  then  on  tho  other  half,  altoniatoh', 
at  cijual  inttrrula  of  time,  lusltjod  of  covering  the  whole  hed  with 
fretili  coal,  say  oTciy  ten  minuiittt,  only  half  the  tved  is  covercMl  at  each 
firing,  aud  the  other  half  is  covered  tive  minuteB  aftorwards.      After 
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each  ndditioD  of  fresh  coal  tlie  volatilo  gaiwa  that  arise  from  it  come  m 
contact  with  the  cnrrent  of  hot  (jaa,  carrj'ing  an  eTOWs  of  air,  which 
arisea  from  the  half-lramed  t^oel  on  the  other  half  of  the  bwl.  In  this 
BTstcm  of  flring  the  fresh  coal  may  be  fireil  alternately,  eitlier  in  the 
front  «nd  rear  of  the  be<l,  or  on  the  right  aud  left  side,  the  former 
being  called  altemnte  front  and  back  firing,  and  the  btter  alteruiile 
Bide  firing.  With  this  syBtom  of  firing  the  sticcessfnl  prerontion  of 
Brooke  depends  largely  on  the  skill  of  the  fireman,  but  more  eepeciallj 


oil  the  size  of  the  combiistion-cliamber,  and  the  opportunity  it  affords 
for  thorough  odmiitiire  of  the  two  currcuU  of  gas.  BuOlc-wulls  placed 
in  tlie  conibuatiou*chambcra  to  coiii[>el  tiie  gustis  to  Luke  »  circuitouB 
direction  facilitate  the  mixture,  aiid  togethtjr  with  the  bide  walla  and 
fire-brick  roof,  hu?c  what  in  called  a  regenerative  action,  on  the  prin- 
ciple of  tlie  Siemens  regenerators,  used  in  utecl-melting  fumftces, 
absorbing  heat  during  the  times  when  the  burning  guaes  are  tJie  hot- 
test, and  giving  out  heat  to  the  gases  when  they  are  cooler,  or  iznme- 
diately  after  tlie  firing  of  fresh  coal. 

Alternate  tiring  is  of  uo  use  unless  there  ts  a  large  oombcistion* 
chamber  in  whidi  the  two  gaseous  currents  are  mixml  and  the  smoke 
biirned  before  they  are  allowed  to  come  in  coutnot  with  the  beatirig 
eurfaoi'. 

The  "  Wiag-wall  "  Fnrnace.— This  furnace  wiw  patented  by  the 
author  May  17,  lsi>8.  It  is  adapted  for  the  (smokeless  combustion  of 
Boft  coal,  peat,  wood,  tan-bark,  and  otlwr  fuels  thut contain  large  pro- 
portions of  volatile  matter  and  moisture. 

The  drawings.  Fig.  18,  show  the  furnace  applied  to  a  water-tube 
boiler.  C  is  a  lire-chanber  or  oven,  built  of  brick  and  eit^-uding  out 
in  front  of  the  boiler.  In  it  the  fuel  is  burned,  either  on  the  ordinary 
grate-bars  or  by  means  of  a  mecljanieal  stoker.  D  is  an  ordinary 
Ijridgy  wall.  i*A"  are  two  tiill  vertiral  walls  calle*!  wing-walls,  built 
Bome  dist^mn'c  In  the  rear  of  the  bridge  wall.  (7  is  a  combustion- 
chamber.  ////  are  sevcnil  piers  of  fire-brit'k,  projecting  into  the 
olianilHT  (7,  from  tlie  rear  wall  J.  K  is  the  onlinary  partition  wall 
built  across  the  boiler-tubes,  and  jV  is  a  tile  roof  to  the  chamber  /'to 
prevent  the  gases  in  that  clianiber  from  reaching  tlie  tubes  until  after 
they  have  jta^iaed  through  the  narrow  vertical  ]>useuge  between  the 
wing-walls  EE*. 

In  operation  with  hand-firing,  tho  alternate  methoil  of  firing  is 
use«i.  The  fi-esh  coal  is  spread  alternately  on  the  right  and  left  aides 
of  the  grate  at  equal  intervals  of  time.  Immediately  nfter  firing  on 
one  side  dense,  smoky  gases  arise  on  that  side,  while  on  the  other  side 
an  exneflslve  !<npply  of  very  hot  air  is  passing  tlirough  the  bed  of  par- 
tially burned  Roal  or  coke.  Tlieao  two  currents,  ono  of  cool,  smoky 
pas  and  the  other  of  rloar.  hot  gas  with  a  large  excess  of  air,  paas  side 
bv  side  over  the  bridge  wall  7>,  but  they  are  compelled  to  change  their 
direction  and  mingle  together  nn  jMUwing  tlirough  the  tall,  narrow  pas- 
sage betwpen  the  wing-walls  F.B\  and  by  m  mingling,  the  gases  are 
burued  and  smoke  is  preveuled. 
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The  combuscioD  isusaistoil  by  the  h«iat  mdiaceil  fruiii  the  walle  of 
the  uombudiiou-chamuer  G  uud  Llio  piers  i/,  which  ubsvrb  htiit  Uur- 
iug  the  titiie  when  the  lire  ia  hotle^t^ — thul  is,  just  before  fresh  coul  ie 
spraul  on  tho  ^'rute,  a*ul  ^ive  out  lienl  to  the  ^iflSOB  in  the  chiimhor  G 
when  tlie  fire  is  coolest — that  is,  jn-it  after  tiring,  wlien  Ihu  hinoicy 
gams  are  eecapiug.  They  act  on  the  principle  of  the  Siemens  regen- 
erative furnace,  commonly  lueil  in  ateel-worko. 
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Pio  19.— The  "  Wixo-wall"  Pprnace  appikp  to  a  Howimstai.  Tfbi:i.ar 

}tul|.l£lt. 

Ftp.  10  pjhow.*  a  nio<lifieatinn  of  the  furnace  applietl  to  a  liorizonlal 
tubtihtrlKiiler  ((wtenteil  April '23.  liOl).  In  thi3  arrangement  the  oven 
hiiill  in  front  of  the  Imiler  Is  iliKpenHed  wilh.  auil  the  space  in  llie 
rear  of  the  bridge  wall  is  uaeil  for  a  combuKtion-chaniber.  QO  hers 
are  the  win^-walU.  am)  //  nn  intercepting  wall,  built  bo  aa  to  prevent 
the  guses  parsing  over  the  arch. 

Introdaction  of  Heated  Air  into  the  Fomaee, — The  admiseion  of 
healed  air  inio  Uio  furnace.  llirongh  lioilow  britjge  and  side  walla  or 
through  rhuuncla  in  fire-brick  ur<:Iies  over  Uie  fiiniuce,  hoB  long  been 
a  favorite  method  of  inventors  of  appliances  for  producing  smokelces 
combustion,  and  numi-rons  patents  have  been  taken  out  for  such  appH- 
ancea  during  liiu  lu^^t  fifty  years  or  more.  The  theory  of  this  metliod 
of  improving  combustion  is  eorreot,  but  it  has  usually  failed  to  come 
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into  extensive  hbc  on  accounl  of  practical  difficultiea.  The  usnal 
troabled  are  tliat  the  air  is  doc  made  hot  enough,  that  not  enough  air  is 
introiliici-d  into  the  furiiiice  at  llie  time  wlien  it  is  needfd,  that  is.  just 
after  fresh  coal  has  Uocu  tiro<).  and  too  niuoh  is  admitted  wiieu  little  or 
none  ia  needed,  or  whou  suflioieut  air  is  passing  through  the  grates. 
The  air-passages  also  are  apt  to  become  clogged  willi  dust.  Sometimet! 
air  is  forced  into  the  iiassagoe  by  means  of  a  steam- jet,  and  some  benefit 
in  dimiuishiug  smoke  is  apparent,  but  a  loss  of  economy  uenally  results, 
and  the  use  of  the  jet  is  abandoned.  Automatic  appliances  fur  ad- 
miitingair  Just  after  flring,  and  shutting  itoH  gradualty  during  two  or 
three  minutes  following,  have  also  been  nseil  sometimes  vith  apparently 
good  restills,  hut  they  do  not  appear  to  have  been  genendly  Huix-eBsful. 
Admitting  cold  air  above  the  coal  will  be  of  no  use  lo  bum  these  gasos 
uidess  it  becomes  highly  heated  after  ita  ailmission  by  contact  with  or 
nidlation  from  the  liot  walls  of  the  furnace  and  <'o»ibustiou-chamber. 
When  there  is  a  long  fire-biick  combusCion-ohambor  in  the  rear  of  the 
furnace  iu  which  the  air  and  gases  may  unite,  the  automatic  admi^ion 
of  air  JList  after  firing,  and  \U  gradual  shutting  off  may  jtrove  benefi- 
cial both  iu  diminishing  smoke  and  in  improving  economy. 

Jets  of  steam  arc  Bomotimes  blown  into  the  furnace,  above  Uie  fire, 
carrying  jets  of  air  with  them,  on  the  principle  of  the  injector.  That 
they  do  decrease  the  amoimt  of  smoke  in  some  cases  tliere  seems  to 
be  no  donbt.  Reasons  which  have  l)een  given  to  explain  the  action  of 
the  jet  and  which  may  to  some  extont  be  true  arc  the  following: 

(1)  The  diminution  of  smoke  is  apparent  and  not  real.  Both  tlie 
air  and  the  steam  dilute  the  smoke,  and  make  it  le^s  dense  in  appear- 
ance as  it  &)cape^  from  the  top  of  liie  chimney.  The  steam  also  oscap- 
iug  from  the  chimney  as  a  white  cloud  disguises  the  smoke  and  may 
condense  its  bulk,  rendering  it  leas  visible.  Further,  the  chilling  action 
of  the  air  and  steam  may  decrease  the  rapidity  of  production  of  the 
smoke  in  the  furnace,  extending  its  prudnc-tion  over  a  longer  period  of 
time,  decreasing  its  density  during  that  time. 

[i)  The  jet  nf  air  violently  driven  in  by  the  steam  and  pointed 
downwards  on(.o  the  bed  of  coal,  becomes  intimately  mixed  with  the 
gases  distilled  from  the  coal,  and  then  if  there  is  a  long  rnn  through 
the  hot  combustion -chamber  the  mixture  will  be  burned,  destroying 
the  smoke. 

The  steam-jet  is  in  itself  a  wasteful  ap)iliance.  for  even  if  the  steam 
is  decomp<>sed  and  the  gases  afterwards  completely  burned,  fonning 
steam  again,  it  esciipes  from  the  hoiler  superheated  to  the  tempciutur« 
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of  the  flue  gaaee,  which  temperatnre  is  always  higher  than  that  of  the 
Bt«jim  in  the  jet,  anil  there  is  a  coiiioqucut  loss  of  heat  clue  to  the  sap- 
erheatiiig. 

Dowoward  Draft  Farnacet. — In  ordiuary  hand-firod  furnaces,  fresh 
coal  is  feil  on  top  of  the  hM,  iind  the  air  paaaea  upwards  through  the 
grate,  then  through  the  very  hot  partially  burned  coal  or  cuke  lying  on 
the  grate,  and  fumlly  through  the  fresh  coal  from  which  the  Tolatile 
g»eca  are  being  distilled.  If  the  direction  of  the  draft  can  be  reversed, 
the  air  being  aduiittod  above  the  coal  and  passing  down  through  it  and 
through  the  grate,  the  character  of  the  operation  of  the  furnace  is 
completely  changeil.  The  cold  air  and  the  cool  distilled  gases  pass  to- 
gether down  Uirough  the  hot  coke,  and  if  the  air-supply  is  snfticient 
thtj  gases  will  be  thoroughly  burned  and  smoke  will  be  prevented.  To 
prevent  the  burning  out  of  the  grate-bars  ihey  are  luadc  of  water-tubes, 
which  arc  couuccted  by  headers  with  the  boiler  so  as  to  insure  a  |iositive 
circulation  of  the  water  through  tbera. 

The  Hawley  Down'draft  Farance. — This  is  a  form  of  down- 
draft  furnace  which  has  within  the  past  few  years  been  widely  intro- 
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dnced  in  the  Unite<l  States,  and  has  given  ezcellcut  results  both  ia 
smoke-prevention  and  in  economy  of  fuel.     Beeides  the  water-grate 


w&Ur-Kriite,  passing  Ihrougli  the  coul,  find  an  additional  supply  is 
admitted  beluw  the  lawcr  gruto,  panging  upvvanls  tliroiigh  it  to  btird 
the  coko  and  to  assist  In  biirninjj  the  gases.  The  space  between  the 
two  gnitits  forms  part  of  the  combuatiotj-clianiber  in  which  the  gasea 
arc  burned. 

Fig.  20  shows  a  ITawley  fumacfl  aa  applied  to  a  Heine  water-tube 
boiler  and  Fig.  31  a  view  of  the  water-grate.  The  pipe-connections  bj 
which  a  circulation  of  water  is  insured  tbrongh  the  water>grate  are 
ati^o  shown  in  Fij;.  '^0. 

Aatomatic  or  Mechanical  Stokers. — More  than  fifty  years  ago 
mechanical  stokers  for  feeding  coal  regularly  by  machinery  weiv  suc- 
cessfully used  in  England,  although  their  use  lius  not  even  there  become 
by  any  means  universal.  Within  the  last  ten  years  tbey  have  become 
quite  common  in  the  Uniti?d  Stntc>i.  especially  in  lai^  and  modem 
boiler  plants.  Ry  the  use  of  such  stokers  the  chief  objections  to 
hand-firing  are  atoided,  viz.,  the  intermittent  supply  of  coal,  the 
sudden  volatilization  of  great  volumes  of  smoky  gas,  the  alteniately 
deficient  and  ex(:esf<ive  air-supply,  and  the  cooliug  due  to  fre<|uent 
opening  of  tlie  fire-door.  When  properly  designed  and  operated 
these  stokers  feed  both  the  coal  and  the  air  at  a  regular  rate,  and 
when  the  air  and  the  coal-HuppIy  are  properly  adjusted  to  each 
other,  and  proper  provisions,  such  as  a  tire-brick  combustion-chamber 
or  other  muaus.  arc  made  for  compelling  the  currents  of  gas  and 
air  to  become  completely  intermingled,    they  will   bum   coal   with- 
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Ottt  smoke  and  at  the  same  time  with  the  maximum  economy  which 
the  deiiign  and  proportioiis  of  the  boiler  permit,  rrtoroover,  in  large 
plants  tliey  iire  capable  of  elTeeltng  u  great  saving  of  lalxtr,  especially 
when  they  arc  used  in  conjunction  with  modem  methods  of  storing  coal 
in  overhead  bins  and  feeding  it  by  gravity  through  chutes  into  the 
hoppers  of  the  stoker.  The  chief  objection  to  them  is  their  initial 
tirst  cost.  In  large  well-designed  plants,  hcwyver,  this  objection  is  to 
a  great  extent,  if  not  entirely,  overcome  by  the  fact  that  when  the 
stokers  and  their  rate  of  driving  are  properly  jjroportioiied  to  the 
boik-rs.  it  is  possible  to  obtain  from  a  boiler  considemblo  increase  of 
ca]iacity  compured  with  haud-firing,  vithout  any  sucrifice  of  economy, 
and  therefore  the  number  of  boilers  required  may  be  less  than  with 
hand-hriug. 

The  introduction  of  mechanical  stokers  in  the  United  States  hav- 
ing been  so  comparatively  recent,  and  the  correct  methods  of  pro(M)r- 
tioning  and  handling  them  haviug  been  not  in  all  cases  well  under- 
stood, it  is  not  to  be  expected  that  there  will  already  bo  a  general 
consensus  of  opinion  in  their  favor.  As  evidence  of  the  difference  of 
opinion  concerning  them,  the  following  oxtnicta  from  a  report  made  by 
Mr.  R.  S.  Uale.  of  Boston.  Mass..  to  the  Steam  Users'  Association 
(which  as.«t(iciation  buj^  the  short  life  of  one  year)  in  January,  1S67, 
may  bo  of  interest: 

To  the  circular  requesting  information  on  mechanical  stokers  we 
receiveil  In  all  twelve  replies. 

ThcKc  covered  the  Wilkinson,  Murphy,  Brightman,  Hodgkinson, 
Ameriain.  lljibcock  &  Wilcox,  Itoiiey,  and  Meissner  types,  and  the 
twelve  plants  covered  sixteen  eitperiences. 

In  n.'ply  to  the  question.  "Do  stokers  gave  cool  over  hand-firing?" 
onn  reply  showed  a  loss  in  orononiy,  five  reported  no  saving,  and  six 
reported  a  fraving.  The  Iwilanc*  coidd  not  tell.  One  plant  reports  a 
lai^e  saving  due  to  using  a  cheaper  grade  of  coal  than  could  be  fired 
by  iiand. 

In  reply  tn  the  question,  "  Do  stokers  save  labor  over  hand-firing?'* 
one  found  increasetl  cost  in  labor,  three  found  no  saving,  and  eight 
found  a  saving.  Three  of  the  four  who  found  a  loss  or  found  no  sav- 
ing in  labor  thought  that  if  they  sliouM  fully  equip  their  plants  with 
etokors  they  could  armnge  to  save  hilwr. 

In  reply  to  the  question.  '"Do  stokers  save  xmuke  over  hand-fir- 
ing?" two  soft-coal  plants  thouglit  they  did  not  i^ave  >«nioke,  seven 
thought  tliey  did.     The  olhere  uard  Inird  coal  or  did  not  rejjlv. 

No  plant  replied  to  the  question  as  to  whether  the  stoker  caused  a 
net  saving. 

As  to  repairs,  only  five  had  bad  stokers  in  use  over  two  years,  and 
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'of  these  three  replied  that  the  repairs  were  "amaU'*  or  "  trifling  *'; 
the  other  two  did  not  reply  to  the  question  ou  repairs. 

In  reply  to  the  question,  '*  Do  stokers  reBpoud  to  a  sudden  cull  for 
steam  iis  well,  better,  or  worse  than  hand-firing  ?  '*  five  thonght  they 
respondetl  slower,  one  as  qnickly  as,  and  five  quicker  than  hand-firing. 
Tn  reply  to  the  qucBtion  "as  («  draft  needed,"  three  thought  they 
led  more  draft,  four  thought  they  needed  the  same,  and  one  less 
llWft  than  hand  Uring. 

After  trials,  in  five  cases  the  plants  did  not  intend  to  increase  the 
^number  of  etokersi  or  had  already  diucurdwl  tlieai.     Three  plauta  were 
'  mbtful,  while  six  intended  lo  iuercutie  the  stoker-plant  cither  at  once 
when  they  put  iu  new  boUcrs. 

Tlie  answers  to  theee  questions  may  not  appear  to  be  very  favorable 
to  niedianical  stokers,  but  there  are  luauy  posaihb  reasons  for  the  uu- 
favorahle  replies,  otlier  than  the  inefticiency  of  thefttokers.  It  isprob- 
ablo  (but  most  of  the  replies  were  received  from  panics  who  are  using 
i\w  Htokrrs  nith  fifiiit-bitniiiinouu  and  not  with  hituniinons  coal,  and 
vith  the  former  there  is  not  the  same  margin  for  saving  that  there  is 
witli  till*  lattt-r.  In  other  cases  the  stokers  may  have  been  handled 
tmskiLirullv  or  may  not  have  been  projierly  proportionetl  (o  the  boiler. 

}  It  is  prolmble  altto  that  if  a  more  extensive  census  wore  taken  now 
of  the  opinions  of  nsorn  of  stokers,  the  reniilts  would  Ite  much  more 
fuvoralilo,  for  during  the  last  few  years  the  manufacturers  of  stokers 

fliavn  done  a  largo  business,  introducing  them  in.  many  cases  in  plants 
of  nevi-ral  thoufliiid  Iiorso-power. 

Types  of  Meohanioal  Stokers. — The  stokers  now  in  common  use 
bodivEded  into  four  genenil  classes,  depending  on  the  kind  of 
inerhuniHni  used  for  feeding  the  coal.  In  the  first  class  the  coal  is 
carrluil  on  grate-bars,  L>iiher  horizontal  or  inclined  more  or  le^s,  t)ie 
ItidlviilunI  bars,  or  sometimes  alternate  bars,  being  given  a  reciprocat- 
ing (»  and  fro,  up  and  dowii.  or  rocking  motion,  by  which  the  coal  is 
gnwluidly  advancotJ  along  the  grates.  In  the  second  class  the  grate  is 
•teoply  inoUiied,  and  the  coal  in  pushed  onto  its  up}H!r  end,  and  slides 
down  iilowly  us  it  burns.  In  the  third  class  the  whole  grate  forms  an 
tndh>iui  chain  of  short  bars,  on  whicli  the  coal  travels  horizontally  into 
i|)ka  furnace,  the  chain  passing  over  a  sprocket-wheel  at  the  end  and 
rttturniu^  through  the  ash-pit.  In  the  fourth  class  the  fresh  ciioal  is  fed 
III  undomoath  the  burning  coal,  and  the  gases  distilled  from  it  pass 
through  (hu  l>oil  of  hot  coke  above,  the  action  being  exactly  tlie  reverse 
0(  Ihitlof  the  Hawley  down-draft  furnace,  in  which  the  fresh  coal  is 
%^^\  Mh  (op  of  the  bed,  and  the  gases  pass  down  through  the  bed  of  hot 


Thence  it  passes  onto  tba  f^rute-biira,  wlueli  by  a  alow  reciprocating 
movement  carry  the  burniog  mass  gra<lnall_v  barkward.  Such  unoon- 
stimod  coal  as  reaches  the  end  of  the  grare-bars,  together  with  the 
clinker  aud  aab-reftise  carried  back,  are  diitoburged  over  the  ends  of 
the  fire-bars  onto  a  stationarr  grate  at  a  lower  level. 

The  two  separate  uiecbaiiical  niovemenU  in  the  operation  of  this 
itoker,  each  independent  of  the  other,  are  driven  by  auxiliar>'  power. 
The  coal-feed  is  varied  by  altering  the  rate  of  motion  of  the  plungers, 
which  by  the  movemeiit  nf  a  lever  can  be  adjusted  to  a  movement  from 
alow  to  rapid  as  tlie  consumption  of  fuel  may  require.  The  recipro- 
OfttiDg  action  of  the  grate-bars  is  operated  in  the  same  way  as  the  coal- 
feed,  but  with  several  intermediate  variations  from  a  state  of  rest  to  a 
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«fS|iaL  7%«  bm  of  each  temaee  AM  ain^^  ai  tm 
wta,  eadk  ooifowd  «(  tlw  mltemdc  faan,  vUcfa  mIb  apcMte  tagsAcr 
ia  Moruic  iDwd,  bat  ntem  ai  MfMote  iatsnlL  Tlnvtte  bvl  m 
fltfriad  mvari  by  1^  «— Ifiiwi  ■eaas  of  bulk  vCi  «€  bna.  a^ 
MSMM  in  plaoe.  vitbooi  bate|;  diitarlied  b;^  the  retara  «f  lithii  art. 
Eadi  wiL'iif  JTc  inward  OMTMBeot  «C  Oe  ban  aertM  W  cssj  ite  fad, 
together  aritb  the  dinker  and  ■ib'Teliue,  Dearar  lotbeimarcBdoCllw 
grate,  ▼here  the  OHHi  at  iMigdi  drofxorcr  into  tike  oo«ibaitM»4kaBbcr, 
and  {oniM  and  maintaani  a  bank  vbkb  acU  a*  a  bridge  aad  ««  wfakk 
th«  oofnbQKiion  of  the  aDoooBBiaed  fuel  u  in  doe  tiac  oaai|iicCed. 

Tbc  Coxe  Attf  atfa  Makar  "  (Fig.  33)  ii  of  tbecUa-gratenriatj. 
It  WW  designed  for  bnraiiig  nnaU  aba  of  aatbndte,  bat  baaakobeeft 
fonnd  flda}>ted  to  bitamixioiu  ooaL     Iti  pecoliv  featnre  ■  Uw  aeaaa 


'■I  '■  f  rai  rmif 


^ 
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need  to  gnulnatc  the  air-Bopply  to  the  reqairementa  of  difFerent  por- 
tion«  of  the  tmreUiiig  bed  of  coul.  Under  thu  hurizuntal  tniTeliing 
grate  are  plnoed  a  number  of  air-rhambenor  box»i,  marli?  of  sheet  iron, 
open  at  the  top,  and  proridc't]  with  clampers  in  the  [>artitioDS  between 
tbein.  Blast  from  a  fan  is  delivered  into  the  lai^r  chamber  B  iu  the 
diagram,  and  )>art  of  it  yntuan&A  into  the  other  chambers  at  rednoed 
preasares.  The  air  pnH8e«  from  theee  chambers  throngh  the  gratea  at 
prounrea  which  may  be  regulated  by  the  dampers.  The  coal  deBcend- 
iog  from  the  hop{>«r  orer  the  highly  heated  sloping  surface  of  fir&- 
briok  It  ignited  as  it  reachoa  the  first  section  of  the  tniTelling  grate. 

*A  deUilttl  (l««eripli<jn  of  ilibi  st^«r  Is  gtT«n  tn  a  pkper  hj  Bckley  B.  Ct)x»,  io 
Ttmas.  Am.  Intt.  VL\u\ng  EngiaMrB,  vol.  xzli.  1998. 
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As  it  passes  orer  the  first  clmmber,  At  it  receives  a  blast  of  tnodenite 
pressare,  vheD  a  higher  preseiiro  from  B,  then  (liminitthtitl  presguros  from 
C  and  P  as  the  bed  of  coal  becomes  thinner.  The  object  is  to  siihjtn-l 
the  coal  as  soon  as  it  arrives  on  the  grate  to  a  preMure  of  blast  which 
is  the  proper  one  to  ignite  it,  then  to  bum  it  with  a  blast  as  strong  as 
will  produce  good  combustiou,  and  as  iht;  carboii  is  eljniiualed  aud  the 
thickness  of  the  bed  becomo«  sitialler  to  diminish  the  blast  to  corre- 
spond vith  tliese  conditions.  The  mass  of  coal  remains  all  the  time 
in  practically  the  sanus  puisition  and  condition  in  whiL-h  it  was  placed 
on  the  grate,  esceftt  so  far  as  altered  by  the  combustion.  The  asbea 
are  carried  off  or  dumped  by  the  grate-bars  as  they  descend. 

Tbe  coal  burns  out  from  the  bottom;  that  ifi,  tlie  first  thin  layer 
of  complete  aah  forms  on  th^  bottom  and  gradually  bccoiiics  tlitcker 
until  it  reaches  to  the  lop.  At  first  the  ash  is  very  hot,  but  tho  gentle 
current  of  air  passing  through  it  gradually  cools  it  otT,  ami  when  it  is 
dumped  into  the  ash-pit  it  is  not  very  hot.  The  shaded  portion  begin- 
ning in  i^and  extending  into  D  jepreseula  the  gnulual  formation  of 
the  ash,  and  the  part  to  the  left  of  that  shows  the  asli  practically  cooled 
or  cooling. 

A  certain  portion  of  air  from  which  the  oxygen  is  not  removed 
posses  through  ami  ff>ols  tho  nsli,  but  in  the  first  scotinns  of  tlie  bed  of 
fuel  near  A  it  cerliiin  amonut  of  carbonic  o.^ide  is  formed,  due  to  the 
fact  that  the  amount  of  air  blown  through  is  not  sufficient  to  properly 
consume  nil  the  carbon.  This  carbonic  oxide  is  burned  in  the  fnrnaeo 
by  the  air  whieli  bus  passed  Ihrougli  the  ash. 

The  result*  of  some  testa  of  the  Coxe  stoker  with  pea  and  buck- 
wheat coitl  will  be  found  in  theohupter  on  *'  Ileaults  of  Hoilcr  Trials." 

The  Flayford  Stoker.  Fig.  Si,  is  another  ohaiii-grate  stoker.  To 
the  traveling-chains  are  attached  a  series  of  wronght-iron  T  bars,  rau- 
ning  licroiis  the  furnace,  and  thciw  carry  tlie  small  cast-iron  sections  of 
which  the  grate  is  miidp.  lielow  tlie  eliain-grule  a  screw-conreyor  is 
placed  for  carrying  the  nshe.<i  forward  from  the  rear  of  the  funiaoe  to 
the  iisli-|iit  in  fronl. 

The  Babcock  &  Wilcox  Stoker,  Fig.  25,  is  also  an  endlcss-ohain 
grate.  It  ha^t  been  used  with  mnch  success  in  the  West  with  bitu- 
minous coals.  The  cut  shows  the  stoker  removed  from  the  furniit-e. 
The  large  vertical  pipe  is  the  coal-feeder,  which  delivLTs  Loal  from  an 
overhead  bin  into  tlie  hopper.  It  ie  driven  by  a  worm-wheel,  the 
power  being  delivered  to  the  worm  from  an  inde]>endent  engine 
throuah  a  levor  and  nitchet-wheel. 


the  fuol  in  bulk,  and,  without  further  handling,  feeds  it  continuously 
at  any  desired  rate  to  the  furnju^,  buriiH  the  combustiUe  portion 
id  deposits  the  aiih  aud  cinder  in  ttio  udb-pit  ready  for  i-emoviil. 
In  the  bottom  of  the  coul-bopiier  h  located  a  sliding  pusher,  which 
pTidnally  feodti  the  coal  over  the  dejid-pliite  and  on  to  the  grate.  The 
latter  consists  of  horizontal  flat-surfaced  overUppiiig  bars,  extending 
from  side  to  side  of  tho  furnace,  and  inclined  at  an  angle  of  37  de- 
grees from  the  horizontal.  In  the  wider  furnaces  two  or  more  sets  of 
grate-bars  are  placed  side  by  side,  provided  with  independent  iictuating 
connections.  The  grate-bars  rock  in  anison.  assuming  alternately  a 
•teppcd  and  an  in-line*!  pfwition.  When  tlioy  rock  forward  int-o  the 
inclined  position  the  burning  coal  tends  to  work  down  in  a  body,  but 
before  it  can  move  too  far  the  bars  rock  bock  to  the  stepped  poeition, 
checking  the  downward  motion,  breaking  up  the  bed  of  fuel  and  freely 
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ttdmiUing  air  tbrongh  the  fire.  This  alternate  starting  and  checking 
motion  keeps  the  Gre  consUutly  stirred  and  opened  up  from  beneath, 
and  finally  lands  the  cinder  and  asli  on  the  dumping-grate,  from  which 
it  \&  discharged  into  the  adb-pit.  The  depending  webs  of  the  grate* 
bars  are  jierforaied  witli  longitudinal  slota,  bo  placed  that  the  condi- 
tion  of  the  fire  can  bo  Been  at  all  times  and  free  access  bad  to  all  parts 
of  thi;  grate  without  the  opi-uiug  of  doore.  Tboso  slots  also  serve  to 
furnish  an  abundant  ttnppl;  of  air  for  combustion.  The  motion  of  the 
grate-bars  and  the  feeding  derice  is  regulated  by  two  simple  adjust- 
ments, by  which  t)ie  aotiun  of  the  stoker  is  controlleil  and  the  fires 
are  forced,  cliecked  or  banked  at  will. 

A  coking-arch  of  fire-brick  is  sprung  across  the  furnace,  covering 
the  upper  part  of  the  grate  and  forming  a  gas-producer  whose  action 
is  to  coke  the  fresh  fuel  and  release  Its  gases,  which,  mingling  with 
beuted  air,  supplied  in  small  streams  through  the  perforated  tile  above 
the  dead-plate,  aru  burned  iu  tlie  largo  cumbustion-cliambcr  above  the 
bod  of  incandescent  coke  on  the  lower  part  of  the  grate. 

This  stoker  burns  all  kinds  of  coal,  from  lignite  to  anthracite,  and 
also  waste  products,  such  us  tanbark,  sawdust,  cottousoed  bulls,  and 
coke  "breeze,''*  withont  change  of  grate-bars. 

The  Acme  Stoker  is  shown  in  Fig.  27.  The  angle  of  the  grates 
can  he  changed  to  ^uit  dilTerent  coals,  and  lowering  to  a  level  with 
the  firing-doors  converts  the  stoker  into  a  hand-fired  furnace  with 
ahakiug-grates.  Either  bituminous  or  anthracite  coal  can  be  burned 
as  desired. 

The  stoker  consists  of  a  caat-irou  front,  the  mcchanjam  for  oper- 
ating the  stoker,  a  coal-hopper,  firJng-doora  (to  be  use^i  when  the 
stoker  is  uaeil  as  a  hand-fired  furnace),  anxillary,  inclined,  and 
dump-grates,  stoker-frame,  brick  arch,  etc.  The  power  to  operate  is 
provided  by  an  tiiigine  or  motor  at  the  side,  connected  direct  to  each 
stoker,  or  to  an  overhead  shaft  which  is  connected  to  each  stoker,  ar- 
ranged ao  that  each  stoker  can  be  ojierated  separately,  or  all  together, 
atj  desired.  The  coal-pusher  delivers  t!ie  coal  from  the  hopper  to  the 
dead-plate  and  grates,  and  is  adjustable  from  nothing  to  full  capacity, 
by  turning  a  wheel  on  the  regulator. 

Tlic  auxiliary  coking-grates,  just  in  front  of  the  dead-plate,  are 
movable  and  sectional,  and  when  put  together  form  square  boxes 
t}irougli  which  a  large  amount  of  air  is  introduced  immediately  under 
the  fire-brick  arch,  the  rellectwl  he-at  from  which  cokca  the  fuel  be- 
fore it  starts  down  the  inclined  grates.     The  inclined  gnites  are  set  at 
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an  angle  of  32**,  ami  are  spaced  according  to  the  kind  of  fael  to  bo 
ueed.  Knell  olternato  one  is  morablo,  the  mutton  bolug  re^iilateil 
from  the  front.  Their  motion  is  to  rise  above  the  fixed  bars  and  then 
DioTe  forward,  conveying  the  burning  fael  forward,  and  tlieii  dropping 
back  to  their  place,  Ity  this  moans  the  coal-ptishor  and  auxiliary 
grates  can  be  kept  ruuiiinj;  and  the  iucliued  grates  kept  still,  or  either 
or  both  can  be  kept  in  motion  at  the  same  time.     The  damp-grate  at 


3^ 


WM^M'//:<.' ' 


Ffo.  37.— Trb  Acifi  firoKsa 


the  bottom  and  end  of  the  inclined  grates  is  controlled  by  a  lever 
in  front  and  can  l>e  dropped  to  deposit  the  refuse  In  the  ai«h-pit  or  aah- 
coHTevor. 

When  it  is  desired  to  fire  by  hand  the  inclined  gratea  are  dropped 
to  a  level  with  tlio  Bring-doors,  the  coal-hopper  lid  is  clou'd,  and  the 
coal  is  fed  by  hand  through  the  firing-doora  in  the  usnal  way.  This 
nrrangemcnt  of  lowering  the  grntos  is  convenient  in  starting  the  fires; 
a  good  6re  can  bo  started  in  the  ordinary  way  with  the  grates  lowered. 
and  when  the  bed  of  coal  is  fully  ignited,  the  grates  can  be  raised  and 
the  stoker  put  in  operation. 


horizontal.  Adjacent  bars  are  moved  in  opposito  directions  bj  a  eys- 
tem  of  toggles  oontroIlLM]  by  gearing  ilriven  by  tho  stoker-engine.  Au 
account  of  some  testa  of  this  sloUcr,  with  rice  coal,  nmilu  by  .1.  M. 
WhiLbam,  will  be  found  in  Tmns.  Am.  Soc.  M.  E.,  vol.  xvii.  p.  561. 
The  Kurphy  Automatic  Furnace  i^i  sliown  in  cross-section  as  ap* 
plieii  to  ft  horizontal  tubnliir  Iwiler  in  Kig.  29.  The  furnace  is  also 
applicable  to  all  forma  botli  of  firo-ttibo  anil  water-tube  boilers.  The 
grates  are  of  a  *'  V  "  form  and  in  i>jiir8,  llie  upper  ends  resting  on  the 
magazine  bed-plate,  wliich  is  also  the  feed-  or  coking-plate,  while  the 
lower  ends  i-est  in  nirbea  on  tho  f^ratc- bearer,  which  also  contains 
tlte  cli!ikcr-bar  or  clinker-breaker.  A  tire-brick  arch  m  sprung  across 
the  furnace,  covering  the  grate-sni-face,  and  on  top  of  laich  side  of  the 
arch  there  is  an  iiir  fine  from  whieh  hot  air  is  Ktip()]ied  through  the 
series  of  small  opt-ningA  at  the  Itasos  of  the  arch  wliero  the  brick  rceta 
on  the  ribbed  surface  of  the  arcb-jtlutes  on  either  side  of  the  furnace. 
Tliifl  gives  a  double  siiie  feed-  and  roking-plato.  Tho  coal  niagazinea 
arn  provided  with  stoker-boxes,  whicli  are  connected  by  means  of  pin- 
ion-gears to  the  «:tokor-shaft,  which  'n  automatically  moved  back  and 
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forth,  stokiug  tlie  coal  into  the  furnace.  One  grate  of  each  puir  of 
grates  ifi  lixeU.  while  the  other  is  movable  up  and  dovni  by  a  rocker 
motion  at  the  lowur  or  centre  oiid,  thus  ket-prng  the  firo  free  from 
ashus  while  the  cuartie  refuijo  and  cliuker  k  worked  down  to  the  centre, 
Trhere  a  rot-atiiig  clinker-bar  grinds  it  into  the  ush-pit.  The  eutira 
operating  mechanism  ig  attached  to  a  flat  iron  bar  running  across  the 


Fio.  29 — Tub  Mtthptit  Automatic  Fcrnacb. 

ontaide  of  the  front,  mid  operated  bj  a  little  aiilotnatic  upright  engine 
net  at  the  comer  of  llio  setting,  which  tiscs  abont  one  liorse-powor  per 
furniice  operated.  Ku<di  revolution  of  the  driTiug-gear  stukee  a  given 
hot  variable  qnantity  of  coal  into  the  furnace  on  each  side,  moves  half 
of  the  gratf-lmrs  on  e«ch  side  up  and  dowu,  and  turns  the  clinker-bur 
pnrtly  around.  Thug  the  coal  is  fe<]  nnd  tlie  fires  cleaned  coDBlantly. 
The  teeth  on  the  clinker-bar  are  prevented  from  becoming  hot  and 
worn  o(T  by  means  of  a  cnrreut  of  air  passing  through  the  open  centre 
of  the  bar  and  pi|>ed  to  the  flne  or  stack  beyond  ttie  datiijier. 

The  clinkpr  ia  kept  brittle  and  prevputed  from  Btioking  by  a  spray 
of  exhaust  stenm  distributftd  through  a  pipe  cast  into  either  side  of 
the  gratc-bcarer. 

The  American  Stoker  is  shown  in  longitudinal  section  in  Fig.  30 
and  in  oroes-section  in  Fig.  31.  By  thi^  stoker  the  freeh  coal  is  fed 
nndernealh  the  bed  of  horning  coal,  being  putdied  upward  from  a  deep 
trough  with  rounded  bottom  by  means  of  a  ttipering  screw,  which  le 


Fio.  80.— The  American  Stoxbb. 

m 

of  heavy  caat-iron  tuyeres  iit  the  level  of  the  top  of  the  trongh.      The 

jets  of  air  arc  delivered  horizontallv,  cro&Biiij(  ouch  other,  nnd  cutting 
through  tlie  rouiidwi  hod  of  !iot  coal  1  viug  al)OTe,  The  volatile  niatter 
is  distilled  from  the  coal  in  the  upper  part  of  the  trough  and  passes 


^^K  Fio.  31  —Tub  Ahkricam  Stukkr. 

^^  with  the  air  through  the  bed  of  hot  coke  above,  burning  without 

I  smoke  if  the  air-snpply  is  properly  adjusted  to  the  rate  of  feed  of  the 

I  coal.    The  space  on  each  side  of  the  sUjker,  between  the  tuyere-blockB 

I  and  the  aide  walls  of  the  furnace,  ie  occupied  by  dcad-platct!  or  gratea. 
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The  ash  fnsee  into  a  clinker  uud  accumulates  on  the  dead-pLaLeu  in 
large  lumps,  which  are  easily  removed.  This  stoker  baB  had  a  very 
auccessful  career  with  highly  rolatiU  coaU  of  the  West,  and  alfio  in  the 
J£u6l  with  semi-bitiimiuous  C04U5.  i'urmicefi  over  0  foot  in  width  are 
oqiiiDped  with  a  double  uLukcr.  This  id  a  combinatiou  of  two  ttingle 
stokers  feeding  from  a  commou  hopper  aud  operated  by  a  siugle 
motor. 

The  Jones  Under-feed  Stoker  (Figs.  '6'i  and  i'i)  was  patented  lb 
rt     I     1     I     I     I      I 


=s. 


Kic.  33.— The  Jokes  nKDB»-ricRt>  Stokkii. 
1996  by  E.  W...loiies  of  VortlHiid,  Oroj^on.      The  fresh  coal  is  puslied 
np  through  the  bed  of  biiniiug  fuel  by  means  of  a  steum-ram,  oper- 
ated by  a  hand-lever  connected 
to  a  valve,  by  means  of  which  the 
ohargee  of  fnel  can  bo  delivered  aa 
required.   Air  at  about  fonronnces 
preseuru   is   forced    throu^di    the 
tuyere- blocks,  and  np  throngli  the 
heap  of  burning  fuel,  and,  ming- 
ling with  the  gases  from  the  cok- 
ing coal,  produces  an  inten.^e  and 
rapid  combustion.     Owing  to  the      «„  ««    r^« 
large  exceas  of  air  delivered  at  high  Stokkr, 

pressaro,  and  its  thorough  mingling  with  the  gosee.  a  practically  smoke- 
less combustion  is  obtained.  This  stoker  has  been  principally  nsed  with 
low-gTiKle  Western  American  bilnmiuous  slack  coal. 

Forced  Draft. — The  use  of  forced  draft,  as  a  substitute  for,  or  as  au 
aid  to,  natural  chimney  draft,  is  Incoming  quite  common  in  large 
boiler-plants.     Its  advantages  are  that  it  enables  a  boiler  to  be  driven 
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to  iu  maximum  capacity  to  meet  emergencies  without  reference  to  tho 
state  of  the  weather  or  to  the  character  of  ilio  coal ;  that  the  draft 
is  inilepeiideDt  of  the  tenipeniture  of  the  chimney  gaseti,  aud  that 
therefore  lower  flue  temperatures  may  be  used  iliau  with  natural  dmft; 
and  in  many  coses  that  it  enables  a  poorer  quality  of  coal  to  be  used 
than  is  re'iuirtMl  with  natural  draft. 

Forced  draft  may  be  obtaimKl;  First,  by  a  ateam-jut  iu  the  chimney, 
as  in  locomotives  and  steam  tire*enginc6;  second,  by  a  steam-jet  blowur 
under  the  grate-bars;  third,  by  a  fan-blowtir  delivering  air  under  tho 
grate-bars,  tlie  aah-pit  doore  being  closed;  fourth,  by  a  fan-blower de- 
Uvartng  fur  into  a  closed  fireroom,  as  in  the  '*  closed  stokehold  '*  sys- 
tem used  in  acme  ocean-going  ve»y»els;  and  fiftli,  by  a  fan  jtlaced  in  tho 
Hue  or  chimney  drawing  the  ga^es  of  combustion  from  the  Iwilera, 
commonly  called  the  induced  draft  systom.  Whicbonoof  these  several 
Bvatcms  should  be  adopted  in  any  speuinl  case  will  usually  ih'pend  on 
local  conditions.  The  Btcam-jot  bus  the  advantage  of  lightness  and 
compactness  of  apparatus,  and  is  therefore  moat  suitable  for  locomo- 
tives and  steam  fire-engines,  but  it  aliK>  is  the  most  wajstuful  of  steam, 
and  therefore  should  not  be  uswl  when  a  fan-blower  system  is  available, 
except  for  occasional  or  tcmjwrary  use,  or  when  very  cheap  fuel,  such 
as  anthracite  culm  at  the  coal-mines,  is  used. 

The  cloAGd  stokehold  sy:j|cm  has  as  yet  been  used  only  in  marina 
practioe,  where  it  has  some  advantage,  such  as  ventilatfon  of  the  fire- 
room,  over  tlio  closed  ash-pit  system.  Induced  dmft  has  bocn  need  lo 
some  extent  on  land,  with  good  results,  but  it  does  uot  appear  to  have 
any  eapeclal  advantage  over  Llie  closed  ash-pit  system,  except  conven- 
ience of  application  in  some  situations,  aa  where  an  exhaust-fan  can  he 
placed  iu  the  chimney  more  easily  than  a  fan-blower  of  suf!tcient  size 
can  be  accommodated  in  the  boiler-  or  engine-room.  In  a  crowded  and 
poorly  ventilated  firerooni  n  fan-blower  delivering  air  under  the  grates 
and  maintaining  a  pressure  of  gas  in  tho  furnace  may  sometimes  cause 
objectionable  gases  and  dnst  to  issue  into  the  fireroom,  and  in  such  a 
case  indnced  draft  may  Ijc  preferable. 

When  an  economizer  i?  new!  to  absorb  some  of  the  lieat  escaping 
from  the  boilers,  it  is  generally  advisable  to  nso  forced  draft,  since  the 
lower  temperature  of  the  gaaea  diwiharged  from  the  economizer  reduces 
the  force  iif  draft  in  the  cliimTiey  and  the  friction  of  the  gas  pa&sagcs 
through  the  economizer  itself  reduRos  the  force  of  draft  at  the  lioilcr. 

Forced  draft  is  ecpecially  vjiluiihio  in  largo  boiler-plants,  such  as 
tho*e  of  electric  light  and  power  stations,  where  the  demand  for  steam 
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»  much  greater  during  a  few  hours  io  the  day  than  during  the  rast 
of  the  timo.  A  boilur-plant  which  would  be  insullicieut  with  uutural 
draft  to  supply  the  steam  required,  during  the  hours  of  heaviest  load, 
may  be  able  tu  supply  it  with  euae  by  the  aid  of  forced  draft. 

Wheu  forcc<l  draft  is  used,  it  is  adviaable  to  provide  it  with  auto- 
malic  regulutiou,  the  delivery  of  steam  to  the  engiue  driviug  the  Xaa 
being  regulated  by  a  reducing- valve,  or  a  cut-olT  valve,  controlled  by 
the  pressure  in  the  lioiler,  as  in  the  Ueckman  system.  This  system 
cousisUs  of  a  fau-bluwer,  driven  by  u  smuU  euginu.  delivering  ulr  into  a 
conduit  built  under  the  bridge  wall,  which  conduit  may  )>e  common  to 
a  battory  of  boilers,  and  thence  through  openings  into  the  ash-pit 
undor  the  grate  of  each  boiler.  In  the  steanii-pij)e  lemliug  lo  the  en- 
gine there  are  three  valves.  The  firet  automatically  opens  or  closes  as 
the  steam -pressure  fulls  or  rises.  The  second  is  a  reducing-valvo  which 
delivers  to  the  engine  steam  of  tlie  pressure  required  to  drive  the  en- 
gine at  the  right  speed  for  fumitihiug  the  air  to  burn  the  particular 
kind  of  fuel  useil.  The  third  is  a  by-{)ass  valve  which  lets  enough 
Bteani  into  the  engine  while  the  first  valve  is  closeil  to  kcfip  the  engine 
just  moving  and  furnishing  enough  air  to  keep  the  grates  cool.  The 
damper  lea<ling  from  the  air-conduit  into  the  ash-pit  is  closed  when 
the  boiler  is  out  of  use  or  during  cleuuing. 

The  Howden  Hot-air  System. — In  18S4  Mr.  J.  Howden  applied  to 
the  boilers  of  the  Ctttf  »/  A'ew  York  a  forced  draft  apparatus  in 
which  the  air^suppty  was  heated  by  being  circulated  around  a  series 
of  tubes,  through  which  the  hot  flue-gases  passed  on  their  way  to 
the  stftck.  In  tliis  system  part  of  the  hot  air  is  delivered  iuto  the  ash- 
pit, and  part  above  the  bed  of  coal  in  the  furnace.  The  system  has 
been  extensively  adopted  in  marine  practice.  Among  the  advantages 
claimed  for  it  are;  1.  Purt  of  the  heat  which  would  otherwise  escape  in 
the  flue-gases  is  returned  to  the  boiler.  2.  By  whatever  amount  the  air 
for  combustion  is  increased  in  temperature  by  the  waste  gases,  the 
average  temperature  of  the  furnaces  is  practically  raised  to  the  same 
extent  If,  say,  200"  is  added  to  the  air  of  combustion  by  the  air-heat- 
ere,  the  average  temperature  of  the  furnaces  is  raised  *?W',  anil  the 
evaporative  power  of  the  heating  snrfare  is  therohy  increased.  H.  The 
gases  from  the  burning  fuel  combine  more  readily  with  the  oxygen  of 
the  air  of  comhustion  as  the  temperature  of  the  fire  increases. 

Ketarders.— In  connection  with  the  Howden  system,  spiral  stripe 
of  metal,  shown  in  Fig.  34,  are  placeil  in  the  tubes  of  the  boiler. 
These  compel  the  gases  to  take  a  spiral  motion  in  passing  through  the 
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lubwit  ttH&i^  tiMa  to  MM*  more  directly  iu  contact  with  the  sar* 

Ifarauf  h  Um  M«ial  of 

tlk«  nIartWr  i»lo  tb»  Flo  34.— A  BKTAUonL 

of  kb«  labr«  incrvastug^  their  efficiency. 

Kveults  of  teets  of  a  horiaontal  tire-tubo  boiler  with  and  without 
T*l«nlvn  u«  given  in  a  }uip«r  hv  J.  M.  Whicbam  in  Trans.  A.  S.  ll.£., 
Tvl.  xviL  {t.  450,     Atnotig  hi«  conclusious  are  the  fuilowiiig: 

1.  KtttarUt,>ni»)utw  anccouoniic  ad?antag«  when  the  builer  is  pushed, 
nuriniE  ^f  the  tests  from  3  to  18  per  oent. 

9.  Kotanlom  aliouM  not  b4>  used  when  boilers  are  mn  verj  gently 
kitd  wtitMt  lti«*  stAok'Jmft  i$  sniall. 

The  BUu  ft  EttTes  Hot-air  System  m  similar  to  Howden^'s,  but  the 
dmft  j«  prtxiitoril  l>y  a  fan  plaotnl  ac  the  base  of  the  funnel.  The  air 
Ift  hi'iitiMl  br  bciii^  |«as«d  through  the  tubes  in  the  heater,  while  the 
hoi  I'M  rirouUtcs  around  them.  Both  the  Howden  and  the  Ellis  A 
Khvisi  ]tvst«m«  nrr  itlnstmt4>d  and  discnased  at  length  in  B«rtiu  & 
Uulntrtiion  on  "  Mating'  Jtnilcrs." 

All  ttilensive  n^rius  of  experiments  on  the  nse  of  warm  blast  was 
made  by  .1.  (\  Hoadlpy  in  1HS1,  and  dewribeil  at  great  length  in 
TraniL  Am.  8oc.  M.  E..  vol,  ri.  p,  67«.  The  results,  nccording  to  Mr. 
ll(tHtllt>y,  •liowvd  a  potsiblu  net  saring  of  from  lU  to  IH  per  cent  over 
llin  bwit  HtlniiiAhIo  pnicLtri>  with  natural  chimney  draft  and  air  at 
ordinary  almo»iihcrif  ti-uiiM^ratures.  NotwithstntidingtlieseresultA.  the 
VArni'tiiast  system  has  not  as  yet  made  any  hea^lway  iu  land  practice. 
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coftl  is  ground  in  a  mill  and  carried  to  the  hopper  of  the  stoker  by  a 
travelling  conveyor,  from  which  it  is  delivered  into  the  furnace  by  a 
fao-bUut.  The  quauiity  of  coal-dost  as  well  as  the  quantity  of  air 
blown  into  the  furtiuce  u  regulated  by  slid*-s.  'i'iie  uitvuiitages  claimed 
for  the  apparatus  are  that  it  is  an  automatic  stoker  and  farccd-dmft 
STStem  couibint-J,  and  that  the  com  bus  lion  is  complete  and  smokLdees. 

The  objections  an?,  the  coHtol'  jKJwer  for  grinding  the  coal  into  a 
fine  powder  and  for  driving  the  fan,  together  with  the  extra  labor  re- 
quired to  keep  the  flutis  clean,  on  account  of  the  large  aecumulutiou  of 
aah  and  [xartially  biirinKl  coal-diii^t  whicli  m  rarried  over  by  tlie  b]ai*t. 

The  Wegener  Apparatus  fcr  Burning  Powdered  CoaL— Fig.  36 
shows  an  apparatus  fur  burning  jwwdered  coal,  invented  by  Carl 
Wegener,  and  first  used  in  Ger- 
many in  ItJD'-i.  It  is  described  as 
follows: 

Goal  ground  so  that  it  will  pass 
through  a  sieve  of  125  meshea  per 
linear  inch  is  fed  into  tli<<  hopper, 
whence  it  falls  on  to  a  tiuc  sieve 
about  b\  ill.  diameter.  The  sieve 
is  tapped  from  150  to  250  times  a 
minute,  in  order  to  eanso  the  coal 
to  full  through  it  roguiarly,  by 
means  of  a  knncker  i>ti  a  vertical 
shaft  driven  by  a  wheel  placed  in 
the  path  of  the  entering  air-sup* 
ply.  The  air  ascending  in  the 
inlet-pipe,  ob  shown  in  the  cut, 
meets  the  descending  shower  of 
powdered  coal,  niiici<  with  it,  and 
carries  it  into  the  furnace  If 
thenir-BuppIy  is  sutficicnt.  smoke- 
less combustion  will  resnlt. 

Records  of  testa  of  the  Wege- 
ner apparatus*  indicate  tliat  it 
does  not  give  any  hi^rlior  economy 
than  can  be  obtained  hr  merhani* 
cal   stokers,  or  other  means   of 


Fio.  30  — WKOEXcfi'i*  Powdered  COal 
appahatos. 

bornlng  soft  coal,  which  do  not  r6<|nire  the  coal  to  be  powdered. 


•  Biiginttring  Netn.  Sf-pt.  18.  IBOT- 
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Fro.  37.— PEmoLBTM  Brmsm. 


methods  of  Burning:  Petroleum.* — The  simplest  and  best  way  of 
burning  liquid  fui-l  is  by  injccliiig  it  in  the  furrii  of  Kpray  by  means  of 
a  jet  oi  6te»m  into  the  furnace  and  allowiug  the  right  amount  of  air 
to  mix  with  it.  Tho  cumber  uf  ditfoieut  injeciorsi  or  buruerii  that 
have  been  devised  for  thiE  purpose  la  legion. 

The  Himj>Iest  device  would  consist  of  two  tnbes  fastened  togetberf 
as  shown  in  the  anncxe<l  sketch.  Fig.  37.  In  this,  1  is  the  oil  feed- 
pipe; a,  a  cock  for  regulating  supply  of  oil;  3.  the  sLeampipe  ;  4,  the 

Talvc  for  rogulutiug  supply 
of  steitrn  ;  6,  a  guard  around 
ipe  provojitiiig  overflow, 
'helowor  tube  is  flultuncd 
out  to  a  tliin,  broad  0|>ou- 
ing,  front  which  the  stream 
of  Hir  oriiteurii  ts&ues  under 
pressure.  U'he  ujjper  tube 
allows  a  stream  of  oil  to  How  from  the  supplv-tauk,  this  tluw  being 
regulated  by  the  supply-cook.  The  oil  is  conJiictt'd  by  the  guard,  5, 
whi<;h  prevents  it  flowing  over  the  sides  of  the  lower  ittuum-pipe,  and 
distributes  it  in  a  thin  sliuct  over  the  rapidly  issuing  steam,  with  the 
result  that  the  oil  is  rapidly  carried  forward  in  the  form  of  a  finely 
divided  spniv,  wliicb  is  ihe  iie.\t  thingto  giu,  and  ignites  ulrnnst  as 
easily.  Hy  cliuiiging  the  shuiHS  of  the  isauitig  jet  of  stuum,  ditlerent 
shapes  may  be  giveu  to  the  name.  If  we  give  the  steam-jet  a  fan- 
Bbaped  opening,  tho  greater  part  of  tho  oifwilt  i>o  delivered  at  the 
Bides  and  we  will  have  a  wiric  and  short  flame.  If,  on  the  contrary, 
ure  desire  a  long,  narrow  llanie,  we  give  the  steam-jet  a  concave 
n|H)iiiiig,  tlitin  moat  of  the  oil  is  delivered  on  the  centre  of  the  steam- 
jet  and  is  pro[Kdled  forward  to  a  considerable  distance. 

M'hose  who  try  to  improve  the  efflcienry  of  a  fuel  by  altering  the 
burner  reitemhle  a  man  who  seeks  to  irn prove  the  steaming  of  )ii»  boiler 
bv  chancing  the  injector.  The  place  to  work  al  and  improve  is  inside 
tfie  llro-Tiox  or  oonibustion.ehaiiit>er  The  od  fnel  aiUKt  be  so  broken 
tip  or  pulveristed  as  to  allow  of  its  miiing  with  the  air  and  being  in- 
stantly CDiiauuied.  If  it  ia  not  consuujed  in  the  fire-box,  it  issues 
either  in  the  form  of  smoke  or  of  foul-swelling,  uiibiirued  gases,  and 
fuel  is  watted. 

If  we  tjike  a  vessel  filled  witli  benzine  and  set  Gre  to  it,  it  burns 
with  a  heavy  llame,  and  large  '(uantities  of  bliu-k  smoke  are  given  off. 
Am  no  uir  triiu  gel  to  the  interior  fiortion,  couibuittiou  lukcs  place  ou 
the  outside,  aud  us  tho  coiilaiueil  hydrogen  has  a  greater  aOiuity  for 
oxygen  than  carbon,  it  conibiiicii  w-irh  most  of  the  oxygen  furnished 
bv  the  air,  tho  carbon  is  set  free  and  is  visible  in  the  form  of  a  heavy, 
black  RHioke. 

If  wo  wimit  air  to  the  interior  of  the  volatile  gases  which  are  be- 
ing given  off.  more  oxygon  is  RnppUed  and  |Nirt  of  the  carbon  bnrzu 
and  the  smoke  diuiinisiies,  uud  if  arraugemenU  are  made  fio  as  toad- 
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init  sufficieut  air  to  all  parts  of  the  benzine  and  its  vapor,  tbeu  we  vill 
have  coniplele  cuiubustiou  anti  no  smoke  will  bo  given  off. 

In  oriier  to  obtain  the  greatest  efficiency  from  fuel  oil,  it  should 
be  burneil  in  a  tire-brick  combustion-chamber,  so  as  to  obtain  the  very 
highest  poaaible  lentjieratnre.  Notwiihstandiiig  the  fact  that  a  cer- 
tain ainuuut  of  beating  eur/ace  is  covered  by  ibe  brickwork,  experi- 
ments have  shown  thai  tiicre  is  both  an  increase  in  evaporatiou  and  a 
saving  in  fuel  wiih  the  lined  lire-box. 

ITie  of  Fetroleam  in  LocomatlTei. — Mr.  Twe<Idle  describes  the  use  of 
petroleum  us  /uel  for  locomotives  on  the  Oroya  Railroad,  in  Peru, 
where  he  introduced  it  in  ISDU.  Two  loconiutives,  exactly  :i1jke  in  all 
other  respects,  were  tested,  one  with  coal  and  the  other  with  oil. 
I^hey  wero  Americzin  Rogers  engines,  Mogul  ty|)e,  with  47  in.  drivers; 
cylinders  18x24  in.;  weight  of  engine  ;J8  tons,  tender  28  tons;  five 
cars  averaging  18  tons  each.  The  grades  were  as  high  as  4.2  per  cent, 
or  I  in  27,  with  some  sharp  curves.  The  average  consiiinption  of  coal 
for  a  month  was  79.;K}  lbs.  per  train  milej  and  that  of  oil  3B.55  lbs.,  or 
less  than  half. 

The  arrangement  for  the  interior  of  the  fire-box  is  shown  in  Fig. 
38.    Ku  alterations  were  made  in  the  fire-box,  while  bat  few  additions 
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FlO.  38.— PBTnOI-KUM  Ptrkack. 


Pio.  S9,— Oii^BilKflica. 


Trere  made  to  the  regular  ash-pan.  The  back  damper  was  completely 
closed,  a  large  front  duiii[H:r  with  about  2  sq.  ft.  superficial  upOTiiiig 
beinji  urrungud  in  front.  A  platis  with  an  air-opening  20  x  14  in.  sup- 
portijd.  the  fire-brick  at  the  back  of  the  fire>hox,  which  receives  tho 
Taporize<l  oil. 

In  Fig.  39,  the  burner  is  represented.  ^1  is  a  general  side  view  of 
burner;  at  g  it  is  tapped  for  a  U-in.  oll-pi[)e,  and  at  A  for  a  ^-in. 
steam-pipe,  lu  tlie  sectional  view, «  e  is  the  oil-passage,  d  d  w  the 
steaiu-jmssage;  both  tiieso  paTt-saijes  being  3  by  $  in.  />  represents  tho 
Iront  end  of  ihe  burner,  and  7^  rcprt-aenis  tho  back  end  of  the  burner. 

The  oil  coming  tbrougU  the  passage,^  r,  falls  directly  on  the  steam 
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shooting  through  the  uarrow  slit  at  the  end  of  the  passage,  d  d,  and  is 
completely  atomized. 

With  this  buriiiT  the  bricks  do  not  serve  in  any  way  for  breukiug 
up  the  oil,  but  merely  U6  u  whuu-hoi  retort  in  which  airand  vajrarized 
oil  are  mixed  iti  the  pro[ier  proportions. 

The  supplv  a(  uir  is  regulated  liy  ihe  front  damper,  the  supply  of 
oil  by  a  wheel-valre  worked  by  the  tireiiiau'it  hand  in  the  cab.  *f  he 
fteum  is  seldom  touched  except  when  an  engine  is  lying  up  for  any 
lengtl)  of  time  ai  a  xtation.  With  th<!  oil  arui  air  under  sucli  easy 
control  there  ia  no  JifliuuUy  iu  ubtaiuing  perfect  coriibuHtion  without 
«moke. 

The  holes  at  the  back  of  the  bunior  are  closed  vith  plugs.  By 
unecrewine  these  the  burner  can  be  quickly  cleaned  without  tenioT- 
ing;  this,  liowever,  ii*  rarely  necessary,  the  burner,  us  a  rule,  keeping 
perfw'tly  clean  for  an  indefinite  jieriod. 

The  burner  is  cast  in  one  piece  uud  finished  by  band.  The  length 
of  the  burner  is  entirely  arbitrary.  The  width  is  made  to  suit  the 
qnantity  of  fuel  to  bo  intro<tticpd. 

On  the  heavy  grades  of  ilie  Oroya  line,  as  much  us  2'^0  lbs.  of  coal 
fire  burned  per  mile,  or  110  lbs.  of  oil.  To  [wrfectly  spray  such  a 
lurjjo  Bow  of  oil,  a  certain  widrli  of  passage  ia  necessary.  The  burner 
t^st  adapted  to  such  licavv  work  h:id  an  uil-patwage  '.i  in.  wide  and  a 
steam-outlet  of  'A^  in.  The  oil-apciture  was  3  by  j  in.,  the  steum- 
aperture  ;it  by  jV  in. 

Around  the  ojl-oponing  runs  a  sort  of  projecting  hood  which  pre- 
vents any  oil  from  leivking  when  rounding  sharp  curves.  Steam  from 
unothcr  locomotive  is  used  in  getting  up  ateani;  100  lbs.  pressure 
from  cold  wiiter  Inis  been  shown  on  the  steam-gauge  in  '2!i  minutes, 
but  an  hour  is  generally  taken,  so  as  not  to  strain  the  boiler.  If  neces- 
H&ry  wood  can  be  used  to  raise  steam. 

The  oil-fired  engine,  after  running  six  months,  showed  no  signs  of 
leaking  or  j>training.  About  150  tiro-brick  were  used  for  the  whole 
brickwork,  including  the  arch.  This  brickwork  lasts  from  six  to 
Ci^ht  months. 

The  TJrquhart  Oil-burner,  used  in  locomotiTes  in  Russia,  is  shown 
in  Fig.  40.  The  oil  runs  down  a  pipe,  whicli  ends  in  the  external 
nozzle  of  the  injector,  while  the  atcnm  passes  through  the  innrr  nozzlo. 
iriucb  it  enters  through  a  ring  of  holes,  the  steam-  and  nil-cavities 
being  separated  by  a  atufiing-hox  packed  with  aslietitos.  TIils  pick- 
lag  is  renewed  once  a  month.  The  stwim-supply  is  regulated  by  a 
valve,  and  the  oil-supply  by  screwing  the  steam-nozzle  backward  and 
forward  in  the  exlemal  nozzle,  thns  varying  the  section  of  the  annular 
passage.  This  u  efToeted  by  a  worm  and  worm-wheel,  the  latter  of 
which  is  connected  to  the  steam -noTizIe  by  a  foathpr-key.  while  the 
former  is  on  a  shaft  which  terminators  in  a  position  conveniently  acces- 
sible to  the  fireman.      The  injector  is  entirely  outside  of  the  fir«-box. 
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etdom  is  deJivenrtl  into  the 
furnace  tUrough  a  tube  into 
vhieh  the  uosti  of  tho  iujector 
projects,  and  through  which 
a  snpply  of  aii-  Ik  >l1»o  dntwu 
by  the  action  of  the  jet. 

The  Aintjutit  of  ateam  re- 
quired to  oporato  the  iujector 
on  the  Bussinn  railway,  ac- 
cording  to   Mr.   Urquhart,   is 


Fig.  40.— Tbe  Urquhabt  Oil.  eraKSit. 


from  8  to  13  per  cent  of  ths  eteam  made  by  the  boiler,  tbe  highest 
percentage  being  required  in  winter. 

Furnaces  for  finrning^  Qreen  Bagasse  and  other  tiubslances  con- 
taining a  gretit  deal  of  water,  bucIi  as  wet  tan-bark,*  re(|uiro  very  birge 

fire-brick  com  bustion-cbam  here 
in  order  to  give  plenty  of  room 
and  time  for  the  conibuMtiun  of 
the  difitilh>d  gases  before  they  are 
Miiwed  to  reach  tlie  heatiufr  pur- 
-.iLCB  of  the  Iwilcr.  The  fuel 
should  be  fed  cither  in  Email 
quantiticH  at  a  time  or  else  in  a 
steady  stream,  so  tliat  the  evap- 
oration of  ite  moisture  may  pro- 
ceed at  a  uniform  rate  and  i?hill 
the  furnace  as  little  as  poesiblo. 
Tig.  lOa  fibows  an  end  view  of 
Cook's  bapaaee  burner,  phioed 
Fro.40a.— Ba.       :  i<  l:.  EmdVikw.  botwtfeu  two  watur-ttibe  boilers. 

It  Till  he  obsenr'ed  that  the  Btmetnre  ig  larger  than  the  boiler-twtting 
in  end  view,  and  its  length  ia  also  much  greater  than  that  of  the 
boiler-iutting.  It  coniiists  of  a  large  fire-brick  oven  wiMi  a  smaller 
chamber  beneath.  In  the  rear  of  the  oven,  between  it  and  tbe 
chimney,  a  tabular  hmtor  is  planed,  in  which  the  air-supply  is  heated 
by  the  gases  on  the  way  from  the  Ijoilcr  to  tho  chimney.  The  fuel  is 
delivered  to  tho  foruaco  automatically,  by  means  of  a  conveyor. 


*  For  sxperimenta  no  UD-bark  fiiraices  see  page  189. 


CHAPTER  Vin. 

SOME    ELEMENTARY    PPJNCJPLES    OK    STE^VM-BoILER    KCOHOMY 
AND   OAI'ACnV— THE    PLAIN   CYLlNTiKIt    BOILER. 


In  this  chapter  we  will  diacuss  by  a.  sonipwlmt  elementary  metliod, 
without  Ui«  uso  of  any  algebraic  forniiiU,  Hue  principles  \i\^on  which 
dej»euii  the  economy  and  the  ciipiicity  of  the  lieating  surface  of  a  Bteaui- 
boilor.  uaiiLg  for  illustration  llie  plain  cylinder  boiler.  In  the  bqc- 
ceeding  chapter  tho  same  subject  will  be  treated  in  another  manner, 
wilb  the  use  of  some  mathoniatics.  'J'he  conditions  which  determine 
to  a  groat  extent  how  large  a  boiler,  or  battery  of  boilers.  bIiouM  be 
used  for  a  given  pnrposf  are:  The  quantity  of  Bt«ani  rwjnired;  the 
quality  and  the  co«t  of  fni'l;  the  degree  of  fnol  economy  desired;  the 
quality  of  the  water  ^^ujipliud:  the  regularity  of  the  demand  foreteam; 
the  size  and  shai>e  of  the  space  available,  etc. 

Let  ua  consider  how  the  size  and  form  of  a  boiler  are  poverne<l  hy 
the  conditiontt  of  quantity  of  steuiu  required  and  by  the  degree  of  fuel 
economy  desirett. 

Instead  of  taking  the  problem  that  ia  nsnally  preeenied,  viz. :  •*  A 
certain  quantity  of  steam  is  required,  what  shall  be  the  fui-ni  and  size 
of  the  boiler  to  furnish  it?"  it  will  better  sen-e  the  purpose  of  ele- 
roentary  inatruction  to  stale  the  problem  in  tlic  reverse  manner,  viz. : 
"Given  the  form  and  size  of  a  certain  boiler^  how  much  steam  will  it 
furnidh  ?  " 

Capacity  of  a  Plain  Cylinder  Boiler.— We  will  begin  the  study  of 
this  problem  by  taking  an  example  of  the  aimpleet  form  of  boiler,  a 
plain  cylinder  of  a  eixe  that  i«  still  rommonly  used  at  anthracite  coal- 
mines, tiz:  30  in.  diameter  and  30  ft.  long.  It  is  provided  with  a 
setting  of  brick-work,  the  side  walls  being  3  feet  apart,  and  with  an 
ordinary  grate,  3  ft.  wide  and  4  ft.  long,  or  12  sq.  ft.  of  grate-snrface. 
At  the  rear  end  there  ie  a  flue  leading  to  a  tall  chimney.  The  side 
walla  of  the  setting  are  hnilt  in  at  the  top  so  as  to  touch  the  boiler  at 

the  middle  of  its  height,  ao  that  onlv  one-half  of  the  boiler  ta  pxiK>sed 
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to  rmliation  from  the  fire  and  to  contact  with  the  heated  gases.     The 
water-level  is  carried  a  few  iucbes  abQvc  tlio  middle  of  the  boiler,  ao 


Fia.  41.— Plaiv  Cn-iNDEn  Botleb. 


that  at  no  time  is  any  pari  of  the  external  surface  of  the  boiler  ex- 
pcwtftl  to  Uie  flame  or  lieated  pises  without  huvin;;  wiitcr  on  the  oppo- 
sire  inner  surface.  The  boiler  is  miidir  of  steel,  }  inch  thick,  which  is 
itnijile  for  .strengtli,  and  is  supptisetl  to  be  kept  free  from  scale  on  the 
ineiiie  and  from  deposits  of  soot  and  ashe,s  oii  the  outside.  The  up- 
per IiaU  of  the  boiler,  above  the  brick  walls,  is  covered  with  a  non- 
conducting covering,  to  prevent  oxceeisive  loss  of  heat  hy  radiation. 
Such  a  boiler  is  shown  in  Kig.  41. 

The  boiler  being  30  ft.  loug  and  2^  ft.  exteruul  iliarneler,  and  the 
lower  half  of  its  surface  being  heating  surface,  the  area  of  tlie  beatiug 
siirface  la  4  of  30  X  34  X  3.I4Hi  =  117.81  wi.  ft.  AVe<;an  make  this 
1*^0  fr.  by  letting  the  side  walla  touch  the  hooting  surface  ^  in.  above 
the  middle  of  the  boiler;  or,  if  we  lot  them  extend  7^  in.  aliove  the 
middle,  raising  the  M-alur-level  to  corn»}tM>ud,  unlil  it  U  witliin  5  or  G 
in,  of  the  top  of  the  boiler,  we  can  make  the  heating  surface  c<)nal  to 
two-thirds  of  the  whole  cxlcrnal  cylindrical  surface  of  the  boihir,  or 
I5T  sq.  ft.  This  will,  however,  not  b«  generally  ad vigable,  sinco  by 
bringing  the  waUtr-levul  no  close  to  the  top  of  the  boiler  there  would 
be  danger  of  carrying  water  into  the  6team-i)ific,  making  what  is 
known  as  "  wet  Hlenni.'*  For  the  purjioso  of  this  caliMilation,  there- 
fore, we  will  consifler  the  heating  surface  as  130  sq.  ft.  The  grate- 
surface  being,  as  already  statctl,  13  af\.  ft.,  the  ratio  of  heating  to 
grate-surfuoe,  whicli  ratio  is  a  term  commonly  Dsed  in  describing 
sleani-boilor  proportions,  is  10  to  1. 

This  simplo  fonn  of  boiler,  when  properly  built  and  erected,  sop- 
plioil  witli  gooil  water,  and  well  tjikeii  rum  of,  has  many  ctcellout  quali- 
ties, which  have  caused  it  to  remain  a  favorite  form  of  boiler  in  soma 
parts  of  the  world,  and  e»i>ecially  in  the  anthracite  coal  regions  of  I'enn- 
8)ivania,  ever  since  high-jtressnre  stenni  began  to  hv  used  in  sleam'^ 
engines,  a  century  ago.     Its  disadTanlagea,  which  have  caused  it  to  be 
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jrally  displaced  by  other  foi-tna,  will  be  treated  of  Uter.  The 
study  of  the  uhief  conditions  which  govorii  boiler-capocily  and  hoitur- 
ecouuniy  cau  be  more  ettiiily  begun  by  refcroiieo  lo  this  furm  of  boiler 
thuu  to  aoy  otber^  and  it  is  for  thiB  reason  that  it  bus  been  Helected  for 
discusiion  in  this  jjIocu.  TliO  thooretic-ul  i>rinciple8  which  may  be 
dcvclopi^d  in  treating  of  this  lK>iler  will  apply  in  great  measure  to  all 
other  foriiJB  of  bnih-rij. 

Having  thus  described  the  boiler,  we  are  now  ready  to  take  up  the 
question,  *' How  much  steam  will  it  furnish?"  A  direct  an^wpr  to 
the  question  is:  '•  That  depends  on  circurastaDcos,  and  especially  upou 
the  amount  and  upou  the  quaJity  of  coal  that  is  burned  under  it. 
One  boiler  of  the  form  and  dimensions  here  given  may  furnish  three 
or  four  liniBjt  a.s  much  bteiim  as  another  boiler  exactly  like  it."  This 
answer  ia  correct,  but  it  is  not  sufllcieutly  deiiuitti  for  our  purpose. 
U  Uie  ca]iaeity  of  the  boiler  depends  npon  eirenmstauces,  we  wish  to 
know,  with  some  approach  to  aecunury,  what  the  boiler  will  do  under 
dilTerent  sets  of  stated  conditiona,  and  how  the  conditions  affect  the 
capacity  of  the  boiler  and  at  the  sauie  time  the  economy  of  fuel. 

We  will  begin  this  study  by  assuming  that  under  all  the  dilTereut 
conditions  now  to  be  considered  the  steam-presstire  is  maintained  at 
100  llis.,  not  by  nieaiiB  of  a  dampor  reg\iIator,  which  is  ocrasionally 
used,  but  by  the  discharge  of  the  steam  into  a  steam-main  fed  also  by 
other  Iwllere  in  which  main  the  stcum-prcssure  is  maintain^  constjint 
under  a  possible  rnryinj;  dpmnnd  by  means  of  varyinji  Ibe  mte  of 
dririug  of  the  other  boilers  than  U»e  one  being  considered.  The  uni- 
formity of  pressure  might  also  he  obtained  by  harin^r  the  steam  osoape 
through  a  loaded  viilve,  similar  to  a  safcty-vnlre.  wliieli  U  sot  so  as  to 
open  whenever  tho  pnasnre  is  100  lbs.,  and  to  shut  below  that  pressure. 
We  will  also  ossumo  that  the  feed-water  is  supplied  at  a  tempera- 
ture of  155"  Fahrcnlu'iL  These  two  assumptions  are  made  mendy 
for  the  purpose  of  simplifying  tho  problem,  and  thereby  shortfnini  to 
some  extont  the  arithmetifal  computations  invoked.  To  evaporate  ft 
ponnd  of  water  supplied  at  155**  P.  into  steam  at  100  Ila..  i,'n)iL*i!- 
prossnre,  requires  just  10  per  cent  more  boat  than  tn  evaporate  a 
pound  of  water  supplied  at  213®  F.,  into  steam  ot  ordinary  otmos- 
pheric  prwanroat  the  Rca-level,  or  "from  and  at  31*J°."  a  term  fre- 
quently used  in  discufwions  of  boiler-economy.  Results  of  boiler-tests 
are  commonly  re<lnr('d  from  the  ficures  obtained  tinder  the  "actual 
conditions"  of  the  test  to  tho  equivrdent  evapornfioii  "from  and  at 
212""  by  multiplying  these  flgnres  by  a  *•  factor  of  evaporation," 
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vhich  factor  may  be  found  by  iulciiiiition  from  tho  forniulu  F^ 
{U  —  h)  ^  «65.7,  in  which  //and  It  are  respectively  tlie  hojit-imiU  in 
1  lb.  of  steam  of  the  given  presfiiire  and  in  I  lb.  of  water  of  Uie  given 
temperature  fonnd  in  the  tables  of  tho  properties  of  steam  and  water, 
or  it  may  be  taken  directly  from  a  table  of  siicli  fnctonj.  In  the 
present  case  the  **ftctnal  oonditions"  asgumed  are:  Feed-water  155"; 
steiim-prcseQro  100  lbs.  by  gnagc  (corresponding  to  a  temperatnre  of 
337"  F.),  and  factor  of  evajwratiou  1.10. 

Calculations  of  Fuel  Economy. — Wc  now  assume,  aa  the  first  condi- 
tion wliieli  goTtrns  tho  rate  of  driving  of  thu  boiler,  that  the  coal  used 
is  of  a  fairly  good  quality,  equal  iu  heating  value  to  au  ideal  perfectly 
dry  coiU  containing  85  per  cent  of  pure  carbon  and  15  per  cent  ash. 

Let  UB  altiO  affiunu;  that  wc  have  tlie  draft  of  tho  lM}ilcr>  and  the 
thicknet<»  of  the  bed  of  coal  on  tlie  grate,  so  regnjated  that  enough  air 
18  supplied  to  burn  the  carbou  of  tbe  fuel  thoroughly,  forming  car- 
bonic acid  gas.  or  CO,.  Koch  ]M>und  of  coal  burned  will  re<juire 
about  yc  Iba.  of  air  to  bum  it,  inctntling  enough  excess  of  uir  to  Infiire 
that  no  portion  of  the  carbon  Is  bnrnwl  imperfectly,  or  to  carboiiir  ox- 
ide gaa  (CO).  The  20  llw.  of  air  sujipHed  jier  pountl  of  coal  will 
measure  about  260  cnbic  foot,  if  niensured  at  a  temperature  of  Cii"  P. 

The  complete  comhuation  of  a  pound  of  coal  will  generate  a  defi- 
uitequautity  of  licat,whirh  may  be  calculated  and  expressed  iu  "hoat- 
anits.**  or  •*  British  thermal  uuits." 

Tbe  quantity  of  heat  which  ntay  be  (iroduced  by  tho  complete  com- 
fenstion  of  1  lb.  of  carbon  ie.  approximately.  U.tiOO  B.T.U. 

Tlio  quantity  of  heat  required  to  evaporate  1  lb.  of  water  from  a 
temperature  of  31*^  into  steam  at  the  same  tem|>erature,  or  from  aud 
St  212°.  isflr.5.T  B.T.r. 

The  qnantity  of  lieat  i-oqnired  to  eva[«>rate  1  lb.  of  water  supplied 
at  ^5^*  into  stiwm  at  100  lbs.  gonge-prpBsure,  is  ID  per  cent  greater 
than  this,  or  10fi3  R.T.F. 

Pivtding  14.600  by  905.7  we  obtain  15.12  llw.,  which  is  tho  quan- 
tity of  water  which  may  be  evaponited  from  and  at  212*  by  tlie  com- 
plete combustion  of  1  Ih.  of  narlmn,  on  the  «upiK)aition  that  all  the 
heat  generati^  is  nsed  to  evaporate  the  wat^ir  and  none  is  allowed  to 
escape  by  railiation  or  in  the  gases  produced  by  the  t.'ODibuslionf  con- 
ditions which  are  ideal,  and  impowible  t«  realize  in  praclioe. 

A  coal  whoBe  lieating  value  per  pound  is  equid  to  85  per  cent  of 
that  of  pure  carbon,  is  theoretically  capable  of  producing  85  jjer  cent 
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of  this  result,  or  .85  X  15.21  =  12.1)3  Ibe.   evaporatioD,  irom  and  at 
SIS**,  per  pound  of  ooal. 

If  tho  Bteam  is  gencnited  at  100  lbs.  pressure  from  foeil-water  at 
155*,  the  theoretically  possible  evaporation  is  {^C^  of  this,  or  12.9ii  -t- 
1.1  —  11.75  lbs.  of  stetim  per  pound  of  coaJ,  1.1  being  the  "factor 
of  evaporation. " 

This  is  tlie  itmximum  amount  of  steam  which  it  la  possible,  theo- 
rotically.  to  produce  from  1  lb.  of  coal  of  tho  quality  assumod,  and 
undur  the  condtlioits  (^iveti,  viz.,  fsed-wiiterat  155'*  audsU:aui-pressure 
100  IbH-t  in  an  ideal  boiler,  in  which  tlicrtj  is  no  waste  of  heat  by  radi- 
ation,  by  escajK  in  tiio  chimney  ga««s,  and  no  waste  of  coal  by  imper- 
fect coinbuHtion,  by  falling  through  tho  grate-Uirs  or  by  removal  in 
the  ashes.  In  practice  all  these  waiites  occur,  and  the  percentage  of 
tlie  idual  result  which  may  be  obtained  in  a  test  ruuges  from  80,  under 
unusually  favorable  conditions,  down  to  50  or  oven  less,  when  the  con- 
ditions are  uufjivorable.  If  we  take  T5  per  cent  as  the  highest  tiguro 
which  is  likely  to  be  reached  in  er&ry-day  practice,  with  good  coal  and 
with  a  boiler  which  is  well  designed  and  driven  at  a  nioiJerato  rate* 
then  we  may  expect  that  theco^il  of  thequality  given,  with  feed-water 
at  156°  and  steam  at  100  lbs.,  will  evaj>orate  11.75  X  .76  =  8.81  Ibe. 
as  a  maximum:  and  if  the  boiler  in  not  properly  designed  for  the  service, 
or  is  driven  at  lou  high  a  rate,  the  evaporation  per  pound  of  coal  may 
be  much  less  than  this  figure. 

lieversing  the  order  of  the  calculations  wo  have: 


Actual  BTnporatioa  p«>r  lb.  nf  co»l -,.,.  8.81  lbs. 

Eqnlraleat  vvaponiiiuD  from  kikJ  at  313',  8.83  X  1.1 8.00   " 

Kquirilent  eviiponitloo  per  lb.  oorubustiblv,  0.69  -«-  bfi. . . .  1 1 .40    " 

Efficlencjr,  11.40^^15.31 76* 


Boiler  Capacity  Depends  Upon  Economy. — Tho  discusaion  thus  far 
has  ii|i()an.'ntly  mado  a  wide  digression  from  tbo  ])roblem  with  which  it 
started,  vit. :  how  much  steam  will  be  furnished  by  the  boiler  of  the 
form  and  size  selected.  The  complete  answer  to  the  problem,  how- 
ever, is  so  complioiitcd  with  the  answer  to  the  other  f|neation  of  bow 
much  steam  nmy  be  generated  from  a  pound  of  coal,  tliat  it  seemtHl  ad- 
visable to  first  give  some  fonsideration  to  the  latter  question.  It  will  be 
seen  that  the  amount  of  steam  that  may  be  made  by  a  boiler  of  a  given 
sixe  depends  npon  the  amount  of  coal  which  may  be  btimc*!  nnder  il, 
but  is  not  directly  proportioniil  to  the  amount  of  coal ;  and  the  amntint 
of  steam  that  may  bo  geucralcd  by  tho  combustion  of  a  pound  of  coal 


depends  upon  the  boiler  and  upon  the  rata  at  wLich  the  boiler  !& 
driven. 

Retnraiug  uow  to  our  cylindrical  boiler  30  ft.  long,  let  ub  suppose 
that  itd  length  is  divided  iulo  10  parts  or  sections,  of  which  the  Hrst  two 
sectioua  ure  dlroctly  exposed  to  mdiatiou  from  the  tiro>  and  tho  othor 
eight  receive  lieat  by  conduction  from  tije  heated  gusfa  ia  Lhuir  jtas**- 
age  to  tho  chimney.  Jt  is  evident  that  tlie  lirst  itnd  second  seutiouB 
will  each  transmit  a  gi^-at^r  quantity  of  heat  into  the  water  than  the 
thin),  that  the  third  will  Iniiisniit  mure  tliau  the  fourth,  and  so  on. 
The  ga«es  will  grudually  diminish  in  tem]>emtiire  aii  thi^y  travel  from 
the  furnace  to  the  chimney.  The  amount  of  heat  tran:<mittcd  to  the 
water  by  each  Rquure  loot  of  ht-ating  tjurface  In  a  given  time  will 
depend  upon  the  dilTerouce  between  the  temperature  of  the  heated 
gaaes  on  one  side  of  the  plate  and  that  of  the  water  on  the  other  side; 
the  greater  this  difference  of  temperature  tlie  greater  tlio  heat  trans- 
mi(t4;d.  J^x[>erimcnta  show  that  it  varies  aljoiit  ud  tho  tiquure  of  that 
difference.  Thus  the  heat  transmitted  will  be  fuur  times  aa  niuuli  when 
the  difference  is  KXKr  as  when  it  is  500*. 

Couiiidering  tlien  that  our  boiler  is  divided  into  aeotions,a8  in  b'ig. 
43,  and  that  a  fire  is  burning  on 
the  grate,  con.siiming  a  certain 
quuutit>'  of  coal  per  liotir,  and 
generating  a  temperature  which  l^n.  42. 

in  the  first  two  amitionH  averages  2600**  F. .  the  reduction  in  temperature 
may  be  considered  to  take  place  as  follows,  the  temperature  huing 
taken  at  the  end  of  each  section: 
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fiectton  No S  ^  4  96789  II 

TempenitHre  F 2200      1630      1290       1100      970      880      820      "70      730 

Redtinion 570        890        190      180        90        60        60        4^ 

The  rwlnction  of  the  temperatnro  of  the  conseoutiTo  sections  is  a 
mcaAure  of  the  quantity  of  hoat  transmitted  by  each  section,  for  the 
quantity  of  lieated  gas  remains  the  same,  and  tho  quantity  of  heat  in  a 
given  quantity  of  paj»  is  proportional  to  its  tomperature. 

Suppose  now  we  increase  tho  quantity  of  coal  burned  on  the  grate, 
so  that  a  greater  quantity  of  heated  gas  is  formed.  The  thickness  of 
tliO  bed  of  coal  being  inrrejised  with  the  increase  of  draft,  so  that  the 
same  amonnt  of  air  is  used  per  pound  of  coal,  the  same  temperature  in 
the  furnace,  vix., 260(1'.  may  1»  obtained:  bnt  the  temperatures  of  the 
Beotions  beyond  the  fumaco  will  be  higher  than  before,  becanse  the 
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quantity  of  heated  gus  and  iU  velocity  of  (Nissage  toward  the  cliimnej 
are  both  increased,  and  the  capacity  of  a  Bquari*  foot  of  heatiitg  sur- 
face to  absorb  heat  \a  not  increased  by  tlie  incrfatsv  in  f|naniity  of  tlie 
gat^  that  paascs  under  it,  itUhoitgli  It  may  be  increaaeii  by  the  iucrea&e 
of  the  dilTereuce  between  the  temperature  of  the  gas  and  that  of  the 
water  iu  the  boiler.  The  reiiitciion  in  teui{)erature  of  the  gaa  in  the 
uoDseculiTe  seciious  muy  now  be  as  follows: 

SectloaXo 98406789  )0 

Terap«rmtttroF...  2300  1920  1670  1490  I860  IMO  1160  lOfiO  10»0 
Ko'luctiua StfO       250        180        ISO        llO         00  70         60 

Comparing  these  two  atatcmentd  of  the  temiH^ratnre  in  the  differ- 
ent sectloiiB,  we  note  several  thing)>: 

1.  In  the  first  case  tlio  temperature  of  2600'  at  the  furnace  is  re- 
daoed  to  730"  at  the  chimney,  and  in  the  second  case  the  aimo  tem- 
perature at  the  furnace  is  rednced  only  to  1030*  at  the  chininey.  In 
the  llrst  case  the  tcmitcratin-e  at  the  chimney  indicates  a  lo^  of  heat 
in  the  chimney  ga*ea  of  730  -t-  2600  =  2S  per  cent  of  the  heat  in  the 
furnoce.  in  the  second  cjiso  the  temperature  of  1030*  indicates  the 
loss  of  1030  -J-  2G00  =  39.6  per  cent. 

2.  In  the  second  case  the  reduction  of  the  temperature  in  the  first 
three  sectiouR  is  less  than  that  uf  the  corrt>:!«ponding  section  in  the  first 
case.  This  do(>s  not  mean  that  the  heat  transmitted  is  less  iu  the 
second  case  than  in  the  first,  for  the  qnantity  of  gas  lias  been  increased 
and  there  is  a  i^rrater  quantilyof  heat  transmitted  while  the  reduction 
in  temperature  is  le»!. 

3.  Id  each  section  in  the  second  case  the  temperatare  is  greater 
than  in  the  corresjiondiiig  section  in  the  Orst  ease.  The  dilTerenco 
between  the  tempt'ralure  of  the  gas  and  the  water  is  greater,  con- 
sequently the  transmission  of  heat  is  greater,  and  the  (quantity  of 
steam  matle  by  the  Iroiler  ia  greater.  'Hie  ca|Micity  of  the  Iroiler  there- 
fore depends  to  a  ronsiderable  extent  on  the  economy.  Increasing  the 
i|uantitT  of  coal  bnmed  increa&es  the  capacity  while  it  reduces  the 
economy. 

4.  Although  in  the  second  case  a  greater  qnantity  of  steam  is  made 
than  in  the  first,  it  is  not  made  with  the  same  economy  of  fuel,  for  the 
temperature  of  tlie  ctitmney  gases  in  greater,  showing  that  a  greater 
percentage  of  the  heat  generated  in  the  furnace  has  been  wastefl. 

5.  Since  the  reduction  of  temperature  in  any  section  is  Ims  than 
that  in  the  preceding  fection,  it  is  evident  that  in  the  first  cose  au  ad- 
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dition  of  a  few  sections  to  the  length  cannot  add  mucli  to  the  economy 
of  fuel.  In  the  second  case,  however,  the  temperature  of  the  chimney 
gaaes  being  1030°,  it  Ik  evident  tlmt  an  »dditLon  of  8eTenil  sections  to 
the  length  might  bo  made  be/oro  the  gases  would  be  reduced  to  730*, 
the  temperature  of  the  chimney  gimts  in  the  first  case.  It  is  also  evi- 
dent thiit  incre-using  the  heating  surface  increases  both  the  capacity 
and  the  economy- 
Loss  of  Economy  Due  to  Iniufflclent  Heating  Sorface. — What  has 
been  said  al)Ove  sliowit  tbu  necef^ity  of  proportioning  the  lieating  sur- 
&ce  to  the  omotiiit  of  cuul  to  bo  burned,  rather  than  to  the  extent  of 
grate-Burfuce;  and  so  pro{>ortiouiug  it  as  to  give  such  an  extent  of 
heating  surface  as  will  reduce  the  temperature  of  the  chimney  gases  to 
say  within  100"  or  200°  of  the  temperature  of  the  steam,  if  economy  of 
fuel  is  desired. 

f>onie  readers  may  tliink  that  all  this  Is  so  very  simple  that  there 
should  be  no  need  of  explaining  it  at  so  great  length.  It  all  amounts 
to  the  simple  statement  that  economy  of  fuel  requires  that  the  tem- 
perature of  the  escaping  gases  should  be  low,  and  that,  to  secure  this 
low  temperature,  plenty  of  heating  surface  shouhl  be  given.  This  ia 
quite  true,  but  it  is  not  ut  all  appreciated  by  many  boiler  users. 
Hany  of  them  never  tliitik  of  putting  a  pyrometer  or  a  thermometer 
in  the  stackt^  of  their  boilers,  to  discover  by  that  means  n']iet.ht.-r  or  not 
there  is  a  waste  of  fuel.  They  are  quite  aattaflod  if  their  boilers  give 
all  the  steam  that  is  required,  and  pay  little  attention  to  tlie  cost  of 
producing  that  steam.  It  has  therefore  seemed  dcsirnblo  that  this 
chapter  should  contain  not  only  the  simple  statement  above  given,  but 
also  in  coneiderable  detail  the  rearionlng  upon  wliich  the  statement  is 
founded.  A  mathematical  treatment  of  the  subject  will  be  found  la 
the  chapter  on  ''Efficiency  of  Heating  Surface.*' 

To  come  now  to  a  more  definite  statement  of  how  great  is  the  loss 
due  to  insufficient  heating  surface,  wo  must  have  recourse  to  the 
records  of  ex|)eriments  u|H)u  boilers. 

In  a  paper  on  "  Etficiency  of  Boiler  Heating  Surface,"  by  Mr. 
K.  S.  Hale,  Trans.  Am.  Soc.  M.  E..  vol.  xviii.,  he  gave  a  diagram 
showing  the  relation  of  the  evaporation  from  and  at  212"  per  ponnd  of 
oombustiblB  to  the  evH[)onition  from  and  at  212"  per  square  foot  of 
heating  surface  per  hour,  as  obtaineii  by  plotting  the  results  of  testa 
with  anthracite  coal  given  in  Mr.  Geo.  H.  liarms's  book  on  "  Boiler 
Tette.**  This  diagram  is  here  reproduced,  Fig.  43.  The  small  circles 
repreeent  the  resnltA  of  eocli  individual  test,  the  lower  curve  represunta 
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what  TAx,  Uftle  considors  to  be  the  law  of  the  average  relation  between 
the  cthuicucy  aud  the  rato  of  evaporation,  and  the  upper  line,  passing 

through  five  of  the  .small  cir- 
cles^ is  a  line  which  \&  added 
to  represent  the  law  of  the  rela- 
tion aa  derived  fram  maximum 
results.  It  will  be  noticed  how 
very  far  below  the  maximum  are 
sonic.'  of  t,lu^  indiviihiul  results. 
Maximum  Possible  Econ- 
omy.—  On  another  diagram, 
Fig.  44,  Id  plotted  together  with 
thia  curve  of  M r.  HarruBs 
maximum  results  another  curve 
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repreeeuting  the  maximum  results  obtained  lu  the  boiler  tests  mode 
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at  the  Centennial  exhibition  in  1870.     The  iHirticnlar  results  through 
which  the  curve  is  drawn  are  the  following: 
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The  smooth  curve  passes  dirwtly  through  the  first  four  of  th* 
above  results  and  a  little  above  the  fifth,  joining  the  curve  of  Mr. 
Barnis's  result  at  its  righUhand  extremity. 
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As  the  CentenniiU  t<:Bta  wcro  mude  uudor  exceptiouuily  fuvoraUe 
conditions,  and  as  the  maximum  results  of  these  tests  have  iierer  been 
gurpttssed  m  other  competitive  tests  witli  anthracite  coal  in  wliich 
every  [irccautiou  was  taken  by  impartiiil  observui-g  to  set-iire  jicciimcy, 
it  is  Tair  to  consider  this  curre  as  representing  the  highest  possible 
evaporation  in  any  form  of  boiler  for  the  several  nitus  of  evaporation 
per  square  fool  of  heating  surface  here  given.  Taking  approximate 
valaes  along  dilTerent  portions  of  the  curve  we  have  the  following: 

POCXns   OK   WATKn   KVAPORATED   FHOM   AND   AT   213*. 

Per.  sq.  ft,  of  liwiting 

Hurface  per  Lour..     1.7      2      3.S      3        3.5     4  4  6^878 

Per  l»).  orcomliuBtibl.^  II.8    fj    1-^.1    I'i.l    12       ll.gfi    11.7    115    10.8    S.8  8.5 
E(Briencj,i-»tim«ii'.l,?  77,7  78  3  79      79      78.3  77.3     70.-1     7 .•..  I    7(t..>    65    55 
AMiiiiiitignriUirnL'ilr  lo  Iwve  a  hMkllnff  mlue  uf  H.KM  B.T.U.  i^r  lb.  eimitniMilili-. 

The  Centennial  tests  were  all  uiuile  upon  other  foririKof  boiler  tlian 
the  j>laiu  cylinder,  and  the  same  id  true  of  Mr.  Harrus's  tests.  TJiere 
is  no  roeoni  published  of  any  eonipreheneive  series  of  tesl."  upon  ptaia 
cvlinii(;r  boilers  fix-m  which  we  mij^ht  draw  a  curve  exprcsaing  the 
rch»ii(>n  of  the  eftit;ieiicy  to  the  rate  of  evajvonition,  bnt  we  may  nmke 
certain  reasonable  assumptions  couceruiug  them  whicli  may  enable 
\\i  to  draw  a  prolmbjo  cui-ve. 

The  first  assumption  is  that  the  form  of  the  plain  cylindrical  boiler 
s  exceedingly  favorable  to  the  absorption  of  the  greatest  possible 
ijoautityof  heat  by  every  Rquare  foot  of  it^  lieatinj^  surface.  The 
flames  and  heated  ^^ases  travel  steadily  along  this  surface,  the  tendency 
of  heated  gases  always  to  ascend  tending  continually  To  keep  the 
hottest  portion  of  llie  gas  in  contact  with  the  ^urfiice  above  it.  There 
is  no  sJiorter  path  by  which  the  gases  may  reach  the  cliunuey;  hence, 
thero  is  no  tondenry  to  short-cinHittiug  the  gases,  which  is  a  serious 
defect  in  many  other  forms  of  boiler.  The  thickness  of  tlie  nu'tjil  in 
the  shell,  rarely  more  than  |  inch,  is  not  so  great  as  to  L'autiie  an  appre- 
ciably greater  resistance  to  the  piusnge  of  heat  through  it  than  that 
through  tlip  thin  IuImw  of  tubular  boilon'.  The  form  of  the  plain 
cylinder  boiler  seems,  therefore,  to  Iw  as  well  adapted  to  the  absorp- 
tion of  heat  as  that  of  any  other  boiler,  and  there  seems  to  be  every 
reason  to  believe  that,  as  far  as  the  absoiTition  of  heat  through  its 
shell  from  the  heated  gases  is  conc-eme*!.  it  should  be  qnile  as  efficient 
as  the  he^t  of  the  boilers  tested  at  the  Centennial  exhibition,  and  that 
the  rurre  expressing  its  maximum  results  wonld  follow  closely  the 
curve  of  maxiumm  results  of  the  Centennial  tests,  unless  there  is  some 
other  cause  not  yet  considered  which  would  prevent  it. 
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Lou  of  Heat  by  Radiation. — There  ia  such  a  cause^and  that  brlcga 
0£  to  the  secoud  asenrnption,  viz. :  that  the  radiation  loss  of  the  phiin 
cyliuder  boiltT  is  very  much  greater  than  that  of  the  modern  types  of 
boiler  wliicli  were  tested  Ht  the  Centeuuial  exhibition.  The  cylinder 
boiler,  3U  ft.  long  and  ZO  iu.  diameter  and  hariug  120  sq.  ft.  of  beat- 
ing Btirfuoe,  will  have  apjiroxi mutely  ViO  sq.  ft.  iu  the  upper  half  of  itfl 
shell  covered  with  a  iirn-coruhictiiig  coveriug,  more  or  less  imperfect, 
aud  the  two  brick  side  walls  would  be  about  240  sq.  ft.  These  two 
siile  walls,  however,  might  be  usied  for  ii  buttery  of  three  or  four  boilfrs, 
as  in  Fig.  4r>.  A  retrini  tubular  boiler  of  double  the  diameter  and  half 
the  length  of  the  cylinder  boiler,  or  &  X  15  ft.,  would  have  only  about 
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80  sq.  ft.  of  the  nppor  portion  of  ita  shellc  overed  with  a  non-oondnctor, 
tiiul  about  240  Af\.  ft.  side  walli;,  which  might  also  be  used  for  a  battci7 
of  boilers.  But  the  tubular  boiler  might  have,  say,  60  4-in.  tnbes  in- 
side of  it,  with  a  total  heating  surface  of  about  940  sq.  ft.,  which  are 
entirely  surrounded  by  water,  and  therefore  contribute  nothing  to  the 
loss  by  extomal  radiation.  The  total  lieating  siirface  of  the  tubular 
t>oilcr  would  be  about  1100  sq.  ft.^or  nine  times  as  great  as  that  of  the 
cylinder  l>oiler,  and  yet  would  cxiwse  loss  8urf:icc  to  external  radiation, 
so  that  the  loss  of  beat  by  ratliation  from  the  cylinder  boiler  must  be 
much  greiiler  than  from  the  tubular  boiler.  How  much  greater  we 
have  no  means  of  knowing,  iu  the  alwence  of  direct  experiments.  Mr. 
Hale,  in  the  paper  before  mentioned,  in  discussing  testa  with  other 
builers  than  plain  oyliudrieaU  says  that  the  radiation  in  some  of  these 
tesU  could  not  have  heeu  over  2  ])er  cent  when  the  bolters  were  driven 
at  a  rate  of  evaporation  of  3  Iba.  of  water  per^sq.  ft.  of  heating  surface 
per  hour,  and  that  "it  does  not  seem  possible  that  the  radiation  could 
iu  modern  practice  have  gone  up  to  mucli  over  6  or  7  per  cent  at 
most,  and  it  is  probable  that  it  is  not  over  ft  per  cent  if  it  is  as  much 
as  that.''  The  "modem  practice"  referred  to  by  Mr.  Hale  i^  not 
practice  with  plain  cylinder  boilers,  which  latter  may  be  called  ancient 
practice,  since  plain  cylinder  boilers  are  now  nsod  in  only  a  few  local- 
ities.    We  will  probably  not  bo  far  from  correct  if  wo  assume  tliat  thc' 


radiation  from  plain  cyliuder  boilers  is  5  per  cent  greater  than  from 
tlie  boilers  teatod  at  tile  Ceiiteuniul  oxbibitiou^  when  the  ciUculatioii 
of  the  radiation  ia  made  ou  tlie  baeia  of  the  rate  of  evaporation  being 
3  Ibfl.  per  aq.  ft.  of  heating  surface  per  hour,  tliis  5  per  cent  being 
that  }}ercentAge  of  tho  total  heating  value  of  the  pound  of  combustible. 
This  healing  value^  14,600  U.T.U.,  being  equal  to  an  evaporation  of 
lft.2  Ibe.  of  water,  5  per  cent  of  this  is  0.76  lb.,  which  we  may  asj^iime 
to  be  the  extra  loss  bj  radiation  in  a  plain  cylinder  boiler  over  that  ia 
a  tuodern  type  of  boiler  wbuu  the  rate  of  evaporation  is  3  lbs.  per  sq. 
ft.  of  heating  surface  per  hour.  When  tlie  rate  of  evaporation  ia 
doubled  the  pcrccutage  will  be  halved,  and  the  extra  loss  by  radiation 
will  then  be  0.38  lb.  If  the  rate  of  evapomtion  ia  lesa  than  3  lbs.  the 
percentage  lose  will  be  greater.  Subtracting  the  extra  loss  as  cal- 
culated from  the  figures  already  given  as  taken  from  the  curve  of 
niaximuiu  reeulte  of  the  Ceat^imiul  teats  we  have  the  following: 
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Prr  sqtwre  foot  lieatiu^  snrfac* 

]M<r  liuur 

Per  lb.  coiuboBtible,  m&x,    of 

otiu-r  IkmIits  O^nU-rinial  te»li! 
Subtract    fxink    radistlon    lotw 

f«ir  ryliinlrr  Irtiilwre 

Probable  m&xlmum  per  lb.  coin- 
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The  figures  in  the  last  line  have  been  plotted  in  the  diagram.  Fig. 
44,  and  a  curve  drawn  through  them.  It  will  be  aeen  that  the  maxi- 
mum economy  ia  at  a  rate  of  combustion  of  3.5  Iba.  per  square  foot  of 
heating  surface,  that  below  this  rate  the  economy  ia  deercasetl  on 
aix'ount  of  the  Iorb  by  radiation,  and  that  above  this  rate  the  economy 
falls,  at  first  slowly,  and  later  very  rapidly,  nniil  at  a  rate  of  evapora- 
tion of  8  lbs.  per  square  foot  of  honting  surface  per  hour  the  evajMira- 
tion  is  only  8.22  lbs.  per  lb.  of  combustible,  as  compared  with  the 
maximum  of  11.35  lbs.  at  a  rate  of  3.5  lbs. 

Beyond  the  rate  of  8  Iba.  per  square  foot  we  have  no  experimental 
data  upon  which  to  base  conclusions.  If  the  direction  of  tho  curve 
between  T  and  8  lbs.  were  continued  in  a  straight  lino,  as  the  shape  of 
the  curve  aeema  to  indicate,  there  wonld  be  a  decrease  in  the  evapora- 
tion per  lb.  of  combustible  of  about  1.3  Ibe.  for  every  incroaee  ot  1  lb. 
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Id  the  rate,  and  the  carve  would  cut  the  line  rcprcecntiug  0  Iba.  evap* 
orutioii  per  pouiul  combustible  at  a  mtti  of  u  litLlu  over  14  lbs. 

Capacity  of  a  Plain  Cylinder  Boiler  at  Different  Rates  of  Driving. 
—Wo  now  have  the  data  from  whk-h  to  calculaU;  the  pi-oUiblo 
amount  of  steam  that  will  be  miule  by  tlie  plain  cj'liuder  boiler,  of  the 
size  solcotcdf  at  ditferent  rates  of  driving. 

fnOBAUI.K  HAXtMCM   WOHK  OF  A  PLAIN  (TLINnttlCAL    ItOILBB    OF    180  S(^    FT. 
lICATUfO  BUKFACK  ASLO   IS  8({.    FT.   UKATK  SCBFACS    AT    UarmBMT    EATES    Of 

DRPTINO. 


Rftte  Qf  driving;  lbs.  water  e%'a{torated  per 
Bi\.  f(.  of  lifiniing  surfaic*  per  hour,  , .    , . 

Total  walor  evaporated  by  1'^  sq,  ft.  beat- 
ing Hurfftce,  per  tour.  3bs.. . .  , 

Ilone-power:  d4.5  lbs.  per  hour  —  1  11. I*. 

Toitnds  water  eva[M>rat«tl  ptr  pound  txtxa^ 
buHtih|9     

Pounds  comlmatible  buniml  per  hour  . 

Poiirid-i  CO  Ml  bust  1 1)  to  piT  Lour  perisq.  ft, 
of  )»rftl« 

Pouuds  cjinbuittibltp  per  hour  per  Lonw* 
power  
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1U.48 
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Hl.S 

2.66 
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From  the  figures  iu  the  last  line  we  see  that  the  amount  of  fuel  re. 
quired  for  a  given  horse-powi-r  xa  nearly  37  per  cent  greater  when  the 
rate  of  evaporation  is  H  lbs.  tbnn  when  it  is  3.5  lbs. 

The  figures  in  the  above  twbh'  wliioh  represent  the  economy  of  fm-l, 
viz.,  "  Pounds  water  ovaporateJ  per  pound  eomhustiblb,"  and  "Pounds 
coinbimtible  per  hour  per  horse-power,"  are  what  may  be  called 
*'  niuximum  *"  i-oaults,  and  they  are  the  highest  that  are  likely  to  bo 
ohtuiued  with  autlirucite  coal  with  the  most  skillful  firing  and  with 
every  other  condition  moat  favorable.  Unfavorable  conditions,  snch 
as  poor  firing,  scale  on  the  inside  of  the  heating  surface,  dust  or  soot 
on  the  outside,  imjierft^t  protection  of  the  top  of  the  Iwiler  from  ra- 
diation, leaks  of  air  through  the  brickwork,  or  leaks  of  water  through 
the  blow-off  pipe,  may  greatly  reduce  thew  figures. 

Disadvantages  of  the  Fioiu  Cylinder  Boiler. — An  inspection  of 
the  figured  will  reveal  uiie  of  the  reasons  wliy  in  most  parts  of  the 
worhl  the  plain  cylintler  trailer  ia  no  longer  used.  The  boilur  we  have 
selected  for  illustration  is  of  quita  targe  size,  30  feel  long,  3}  feet 
wide,  ofcupies  a  considerable  anw  of  ground,  and  requir??  quite  a 
costly  setting;  yet  when  driven  at  il^  most  economical  rate,  it  develoDs 
only  12.17  O.P.,  or  when  driven  at  such  i  r*te  Hint  its  fuel  co.nfimp- 
tiou  per  H.P.  is  37  per  cent  greater  thau  at  iis  nmbt  economical  *^*4^ 
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it  develope  only  37.83  II.  P.  It  can  be  made  to  develop  a  still  greater 
borse-powcr,  but  ouLy  by  a  much  greater  vaste  of  fuel.  Where  fuel 
has  no  marketable  value,  such  i\&  sawdust  and  waste  hiniber  at  Baw- 
milla,  refuse  coal  at  coal-mines,  and  the  like,  the  qncstion  of  fuel 
economy  is  of  no  importance;  but  even  in  such  cases,  in  which^  say, 
10  or  more  pounds  of  water  mwy  be  eva]H)ratwl  per  sijuare  foot  of  heat- 
ing surface  per  hour,  equal  to  35  11. P.  devoilopcil  by  a  boiler  of  130  sq. 
ft.  lieating  surface,  it  is  proliuble  that  the  first  cost  of  the  plain 
cylinder  boiler.  inchuUng  setting,  is  greater  than  that  of  some  more 
nioUem  form  of  boiler.  \\  here  refuse  coal  is  used  as  fuel,  the  cost  of 
hauling  it  and  the  coet  of  removal  of  ashea  should  be  considered,  and 
it  may  be  found  that  these  costt^  alone,  even  when  fuel  costs  nothing, 
justify  the  use  of  a  boiler  which  economizes  fuel. 

Suppoee  a  plant  of  boilers  at  a  coal-mine  is  used  to  generate  1000 
II. 1'.  of  stc-am.  Hefuee  coal  is  used,  and  the  boilers  are  driven  at  such 
a  rate  that  4  tons  of  coal  are  used  for  every  3  tons  that  would  be  used 
by  boilers  driven  at  au  economical  rate.  It  requires  four  men  to 
handle  the  coal  and  ashes,  while  only  three  men  would  be  required 
with  the  economical  boiler-plaut.  The  saving  of  one  man's  wnges, 
Bay,  ^450  per  year,  is  equal  to  6  per  cent  on  an  investment  of  $9000, 
or  10  per  cent  on  an  inrostment  of  ^4500.  So,  if  tbo  economical 
boiler-plant  of  lOQO  H.P.  did  not  cost  over  *4000  iilwve  that  of  au  un- 
economicftl  boiler-plant,  its  purchase  would  be  justified  from  a  finan- 
cial stundi>oint  even  in  a  case  where  fuel  costs  nothing. 

In  places  where  plain  cylinder  buiteni  are  still  used,  two  iM)ints  are 
e8|«cially  claim.3d  in  their  favor:  First,  their  simplicity  of  construction, 
and,  second,  the  that  fact  they  are  easily  cleaut'd  from  scale  by  a  man 
getting  inside  uf  them  with  hammer  and  chisel.  The  first  point  may 
be  admiitcd  withont  question.  As  for  the  second,  it  may  be  said  that 
some  other  forms  of  boiler  arc  kept  free  from  scale  as  easily  as  the 
cylinder  boUer,  and  that  it  is  generally  found  better  in  modem  prac- 
tice to  prevent  the  formation  of  scale  than  to  allow  it  to  form  and  then 
go  to  the  trouble  of  removing  it  by  hand  labor.  Whatever  may  be 
the  merits  of  the  plain  cylinder  boiler  in  regard  to  the  two  [lointa 
mentioned,  they  are  more  than  oflsot  by  their  numerous  diaadvautagea. 

Bosidee  the  objections  to  the  plain  cylinder  boiler  alrejuly  spoken 
of,  viz.,  great  first  cost  when  driven  at  an  economical  rate,  great  waste 
of  fuel  when  forced  much  beyond  this  rate,  and  excessive  ground  spaoe 
occupied,  there  are  others,  some  of  which  the  plain  cylinder  boiler 
holds  in  common  with  other  styles.    The  first  of  these  objections, 
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vhicb  is  common  to  all  very  long  boilers,  is  the  difficulty  of  support- 
ing them  iu  such  a  manner  that  excessive  Btniins  are  not  created  in 
the  sheets  and  rivets  by  tlie  weight  of  tlie  boiler  and  the  water  inside 
of  it,  in  addition  to  the  strain  due  to  the  pressure  of  etcani.  When  a 
long  boiler  ia  susfjeuded  from  two  points,  whether  located  at  the  enda 
or  at  some  dtatancc  from  tJuim,  tlio  stresses  due  to  weight,  which  tend 
to  rupture  tiie  boiler  by  bending  it,  may  be  calculated;  but  whoa  sup- 
ported at  three  or  more  points  the  stresses  are  iudetenuinale — one 
support  may  sustuin  mucii  mure  weight  than  tlie  othi^r — and  the  strain 
on  some  portion  of  the  sliell  or  riveted  seams  may  be  greater  than  a 
proper  regard  for  safety  would  admit.  These  str^us  are  ajit  to  be 
ohangeil  in  amount  or  in  direction,  aa  from  tension  to  compression,  or 
vice  versa,  with  the  changes  iu  temperature  in,  boiler  aud  setting  which 
take  place  when  the  boiler  is  put  into  or  out  of  service.  Breu  if  the 
maximum  strains  due  to  the  weight  of  the  boiler  may  not  of  thomaelvea 
be  sufficient  to  endanger  the  safety  of  the  boiler  when  now,  their  con- 
tinuance during  a  period  of  years  may  make  the  iron  hard  and  brittle, 
and  hence  give  rise  to  dauger;  or  the  iron  may  in  time  lieeome  weak- 
ened  by  corrosion,  aud  then  the  strains  can8ed  by  weight  of  the  boiler 
may  become  dangerous. 

Saving  Waste  Heat  of  the  Plain  Cylinder  Boiler. — The  chief  faults 
of  tlic  jiiain  cylinder  boiler,  its  dt-ficiency  of  heating  surface  and  high 
first  cost  compared  to  its  cjipacity  when  driven  at  anything  like  an 
ecouomical  rate,  have  led,  as  already  stated,  to  its  general  abandon- 
ment wherever  the  cost  of  fuel  is  a  mutter  of  imiK>rtauce.  In  some  old 
plants,  however,  where  cylindrical  boilers  are  already  in  use,  and 
when  they  arc  still  in  good  condition  to  furnish  steam  of  the  pressure 
deeircHl.  hut  are  driven  at  such  a  rute  as  to  l>o  waetoful  in  fuel,  it  has 
been  found  economical,  instead  of  replacing  the  old  boilers  with  new 
ones,  to  add  to  them  an  "economizer"  in  which  a  largo  part  of  the 
waste  heat  may  be  saved. 

Use  of  a  Water-tnbe  Boiler  as  an  Addition  to  a  Cylinder  Boiler. — 
Sometimes  it  is  found  tluit  the  waste  giises  from  a  cylinder  boiler 
are  so  high  in  temperature  that  they  may  be  advantageously  utilised 
by  passing  them  into  another  boiler.  Several  of  the  modem  forms  of 
water-tnbe  boiler  may  thus  be  used.  An  instance  of  the  kind  is  de- 
■cribed  in  a  catalogue  (18ff7)  of  the  Morrin  "  Climax"  boiler.  Tlie 
gases  escaping  from  a  plant  of  twelve  cylinder  boilers  30  ft  long,  30 
ins.  diameter,  located  at  No.  2  slmft  at  Xanticoke,  Pa.,  ranged  from 
1600*  F.  with  the  blowers  off  to  200U''  with  the  blowera  on.     A  400- 
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H.P.  Climax  boiler,  26^  ft.  high,  11  ft.  %  ins.  diameter,  containing 
3940  aq.  ft.  of  beating  surface,  was  placed  botweou  the  two  atwvka 
that  carried  off  the  waste  gases  from  the  twelve  boilers.  Two  brick 
fines  conducted  the  giuea  to  the  (lllmux  boiler,  the  outlet  to  Iho  old 
stock  being  cut  off  by  iron  doors.  A  t«8t  mtuli;  wlien  No.  2  buckwlieat 
coal  was  u»ed  under  the  cylinder  boilers  showed  that  the  Climax  boiler, 
driven  by  tlie  wiuto  gaaes  ulonc,  developed  &2C.7  U.P.,  or  over  30  per 
cent  more  than  its  own  rating.  The  temperature  of  the  gasea  after 
they  had  passed  through  the  Climax  boiler  was  520°.  It  is  stated  con- 
cerning tl]i»  result  that  when  cylinder  boilers  are  naed  it  is  posiiible  to 
double  their  capacity  without  n6in°' an  ounce  more  coal,  or  employing 
anotlier  hand.  This  would  bo  )x>Bsiblti  only,  of  course,  when  the  tem- 
perature of  the  gH«es  leaving  the  cylinder  boilers  is  very  high,  say 
1500'  F.  or  over. 

At  one  of  the  Fliiladclphiu  &  Itoading collieries,  one  2S0  H.P.  Cahall 
vertical  boiler  wa*  placed  at  the  rear  of  twelve  plain  cylinder  boilers 
of  tl)e  ordinary  dimensiona  common  in  anthracite  colliery  practice.  A 
simultaneous  teat  was  made,  in  1896,  by  J.  M.  Whitham,  of  the  per- 
formance of  the  cylinder  Ixiihrs  and  the  Cahall  boiler.  Mr.  Whilham 
summarized  his  results  as  follows: 

1.  The  cylinder  boilers  ore  run  to  develop  from  33  to  35  H.P. 
eat^h. 

2.  The  cylinder  boilers  by  thomselvea  evaporate  3.77  lbs.  of  water 
from  and  at  212"  per  lb.  of  dry  coal. 

3.  The  combituition  of  cylinder  boilers  and  Cahall  boilers,  the  lat- 
ter using  waste  heat  only,  permits  an  evaporation  of  6.9S  lbs.  of  water 
from  and  at  212°  per  lb.  of  dry  coal. 

4.  The  waste  gases  enter  the  Cahall  setting  at  about  1600''  R. 
and  leave  It  alx>wt  700°, 

5.  The  use  of  waste  gases  by  the  Cahall  boiler  increases  the  available 
horae-|K>wer  of  the  plant  from  74  to85|jer  cent,  according  to  the  num- 
ber of  boilora  UBed  for  supplying  the  waste  heat. 

6.  The  250-U.P.  Culiull  boiler  using  wasto  gases  from  eight  cyKu- 
der  boilers  develofted  2U7.H  l)oiler  H.P.,  and  when  supplied  by  twelve 
boilers,  it  devaloptMl  334.1  H.P.,  or  33.6^  above  its  rating. 

7.  The  fuel  used,  called  a  "rice  mixture,^'  consisted  of  20j^  slate 
pickings,  B^i  buckwheat.  46^  rice-coal,  and  2Q%  dirt.  It  contains, 
OS  tiBod  at  this  colliery,  from  C.26  to  Q.-'S  per  cent  moisture,  and  frt>m 
32.4  to  34  per  cent  ash  and  refuse.  It  is  burned  with  a  strong  fan- 
blast. 
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Modern  Boiler  Practice  in  the  Anthrftcite  Coal  Segioni. — In  the 
anthracite  coal  regioDs  plain  cylinder  boilers  are  still  (1901)  need  in 
the  majority  of  mining  plants,  but  as  they  become  worn  out  they 
are  being  replaced  by  other  styles.  The  common  horizontal  retarn 
tubular  boiler  has  been  largely  adopted,  chiefly,  no  doubt,  on  account 
of  its  low  first  cost,  while  of  the  water-tube  boilers,  the  Baboock  & 
Wilcox,  the  National,  the  Oahall,  the  Stirling,  and  the  Climax  are  all 
represented. 


LssFMlNO  that  the  fuel  Is  bnmed  completely  in  the  fnmace,  gen- 
eratiug  a  quuntUy  of  liot  gaa^  which  coutuius  all  the  heat  produced 
by  the  combuBtion,  we  now  hare  to  cousider  what  projiortion  of  this 
heat  is  absorbed  by  being  tranamitted  through  the  metul  heating  sur- 
face of  the  boiler  into  the  water;  in  other  words,  what  is  the  effi- 
ciency of  the  heating  surface.  This  will  depend  not  only  on  the  na- 
ture, extent,  ami  arrang<>mont  of  the  heating  snrfare,  that  is,  on  the 
boiler  iteclf,  but  also  on  the  rate  at  which  it  is  driven,  and  on  other 
conditions  of  its  operation.  A  theoretical  discussion  of  the  subject 
will  tirst  be  giTon,  and  then  the  relation  of  the  theory  to  practice  will 
be  shown. 


NOTATIOS-. 

S  =■  area  of  heating  i<nrface  in  cq.  ft, 

W=  actual  water  eraporatod,  lbs.  per  hour,  reduced  to  eqniralcDt 

evaporation  from  and  at  312",  or  IT.E.*  jwr  hour, 
W—  same  when  radiation  is  so  RoiaU  that  it  may  be  neglected,  or 

W  -f  radiation,  in  U.E.  per  hour. 
JT  =  heating  value  of  the  fuel  in  B.T.U,  per  lb. 
F  =  fuel  nspd.  lbs.  per  hour. 
/   =  weight  of  gases  per  lb.  of  fnel. 
w  —  Ff,  =  weight  of  dry  ga^a,  lbs.  per  hour. 
c    =  specific  heat  of  gas,  considered  as  a  constant. 
i    =  excess  of  the  temperature  of  the  water  in  the  boiler  above  the 

atmospheric  temperature. 
T  =  temperature  (above  atmosphere)  of  the  gas  in  contact  with  some 

given  portion  of  the  heating  surface. 
T, .  T^=  initial  and  final  values  of  T. 

*  U.U.=aD[is  of  evKpontioa. 
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cwT^  =  total  Tieat  supplied  to  tlie  gas  by  the  Lummg  of  the  fuel,  on 

the  supposition  that  all  of  the  lieat  gonerate<I  is  tinit  utilized 

iu  raisiug  the  temperature  of  the  gas  before  it  comea  in 

contact  with  the  lieating  surface, 

ewT,  =  heat  lost  ia  the  gasas  escaping  to  the  chimney. 

a   —  tk  coefficient  of  reeiBtauce  to  trausmisaiou  of  heat,  and  of  other 

element  of  inefficiency,  more  fully  explained  lat«r. 
£f,  =  possible  evaporation,  in  U.K.  per  lb.  of  fuel  if  all  the  heating 

value  of  the  fuel  were  utilized. 
E^  =  actual  evaporation,  in  T^.E.  per  lb.  of  fuel. 
£a=  same  when  radiation  is  not  taken  into  account^  or  i.^  +  radia- 
tion, in  n.B.  per  lb.  of  fuel. 
7?  =  radiation  in  U.K.  per  Bq.  ft.  of  heating  enrface  per  hour. 

In  what  follows  we  shall  at  iirst  consider  the  radiation  so  small 
tiiat  it  may  be  neglected.  • 


Efficiency  of  the  heating  surface  =  ~  =  — ^ — -^ — —  =  —^ — ■' . 

Tip  CIV  /  J  i  I 


(1) 


This  fraction  is  the  ratio  of  the  heut  absorbed  by  the  boiler  to  the  heat 

supplied  by  the  fuel.* 

g  =  rate  of  conduction  in  U.E.  jior  hour  per  sq.  ft.  of  heating  enrface, 

corresponding  to  any  diference  of  temperature  T—  i  of  the 

gas  and  of  the  water. 
gdS=  heat  transmitteii  per  hour  through  any  small  portion  dS  ot  the 

beating  surface. 
avdT  =  heat  lost  bv  the  gas  in  passing  over  the  portion  of  heating 
surface  cAS';  gdS  =  ctcdT. 
After  the  hot  gaa  passes  over  the  elementary  portion  dSoi  the 
heating  surface,  losing  the  temperature  dT^  it  arrives  at  the  next  equal 
elementary  portion  with  a  diminished  tempcniture,  and  trnnanitts  beat 
through  it  at  a  diminiahcMl  rate,  since  the  rate  of  conduction  q  do- 
creases  in  aome  ratio  with  the  decrease  of  the  difference  of  temperature 
T  —  t\  and  so  on,  transmitting  a  leas  and  less  quantity  through  each 
successire  equal  portion  of  surface,  until  it  finally  leaves  the  heating 
surface  at  the  temperature  T,. 

*IUnkino  uses  a  different  expreasicm   for  efficioDcy,  vis..  ~~     * ,  or  th» 

ratio  of  tba  b««t  ibsorbed  to  tlie  beat  whtcli  woalil  be  kbsorbed  if  tlie  gmftoB  wer« 
cooWd  driwn  to  tbr>  t4^inpenttur«  of  tb«  water  in  the  boiler.  Tbis  ii  Dot  u  coa* 
TftnlrDt  u  tli«  espr^MJon  nned  nbiivn,  nnil  It  Ik  not  in  bannonjr  witb  the  usual  dafi- 
nttloD  or  affleiency,  tIb.,  eoergy  nllUiAd  +  energy  Bopplied. 


■ 


EFFICIBNCT  OF  TUB  aSATlNG  SURFACS. 


207 


For  the  whole  heating  snrfaoe  •?,  and  tho  corrdepoDdiog  docrcftse 
of  tempemlure  of  the  hot  gas  from  /,  to  7*,,  we  liavo  the  iutegral  of 
tbe  above  difTereotial  expression: 


or 


(2) 


The  second  member  of  this  last  equation  may  be  integrated  when  ve 

find  tlie  law  of  the  relation  of  9  to  T  ~  t, 

Itankine  represents  tliese  principles  graphically  aa  foUowa: 

Draw  AD,  Fig.  4<i,  to  represent  the  whole  heating  surface  5,  and  let 

any  portion  of  that  line,  as  AX,  represent  s,  a  part  of  that  snrface. 

Ijet  AB  =  //, ,  t}ie  rate  of  conduction  for  tlie 

initial   temperalnre    T,.     In  DA    prodnced,    c  n 

take  AO  =  —    '         ;  then  the  rectangle 

0-1 /yc  will  equal  tbe  whole  heat  of  the  hot 
gas  proceeding  from  the  furnace  per  hour, 
measured  above  the  temperature  t ;  for 


Let  XV  r=q  =  the  rate  of  condnction 


X 

Pio.  48. 


corresponding  to  the  temperature  of  the  gas  after  haTing  paiised  OTer 
the  portion  A.V  of  the  heating  SDrfacc,  and  let  BYE  be  a  curve  drawn 
through  tho  anmmits  of  a  series  of  such  ordinatea;  then  the  area  of  any 
part  of  that  curve,  auch  as  A  B  VX,  represents  the  heat  transferred  jwr 
hour  through  the  part  JA'of  the  heating  surface;  and  the  htoh  A  BED 
the  heat  transferred  through  the  whole  aurfaco  Ar>;  and  when  the 
cnrre  BVEis  produced  indefinitely,  the  area  contained  between  it  and 
{to  asymptote,  AD  produced,  approximates  indefinitely  to  that  of  the 
rectangle  OABC. 

The  definite  resalta  of  these  principles  depend  on  the  relation  be- 
tween q  and  7*,. 

For  small  differences  of  temiwrature  it  is  found  ex|)erimeuta11y 
that  the  rat«  of  transmission  of  heat  throngli  motal  plates  is  nearly 
proportional  to  the  difference  of  temperature  of  the  fluids  on  the  two 
Bides  of  tlie  plate,  but  for  great  differences  of  temperature,  such  aa 


STEAM- BOiLt:it  SCOyOMT. 


those  existing  in  steam-boiler  furuacea,  the  tranamiBaion  increasefl  at  & 
faster  rate  than  tlie  difference  of  temperature,  so  that  it  is  nearly  pro- 
portion»l  to  the  squurc  of  the  difference,  as  is  sIiowil  by  LilecliytKlen'a 

experiments,  which  will  be  deecribod  bter.    lUnkico  gives  q  = ~, 

in  which  a  is  a  coefficient  whose  %'a!ue  may  be  determined  by  experiment, 
and  iic  gives  its  value  as  from  IGO  to  200.  The  method  of  deducing 
the  value  of  it  from  data  of  experiments  on  steam-boilers  will  be  given 
later;  and  it  will  also  Im  shown  thai  it  is  n  function  of  other  things 
besides  the  resistance  of  the  metal  to  the  transmissiou  of  heat 
Using  this  value  of  q  we  have 
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of  evaporatiou  per  square  fool  of  heatiug  surface,  aud  la  affecttiU  by 
tvo  cooflicienta,  A  and  B. 

liy  being  ft  function  of  the  initial  temperature  of  tlie  gas  7', ,  de- 
pends on  the  lieating  value  of  the  fuel  and  on  the  volume  of  gas,  tliat 
is,  ou  the  air-8oppIy.  Let  K  =  lieat-uuita  per  lb.  of  fuel  burued, 
=  TJc.     Tlien 


B  = 


-    (8) 


na 


acf    _     acT    , 


.     .    .     .     (9) 


expreesions  from  which  we  may  find  the  value  of  A  and  B  when  the 
heating  ralne  of  tlie  coal,  the  temperature  of  the  water  in  the  boiler, 
the  weight  of  gas  jior  lb.  of  fuel,  and  iho  specific  heat  of  the  gas  are 
known.  The  value  of  A,  however,  depends  u^joo  that  of  the  experi- 
mental coefljcient  a.* 


If  in  the  equations  B  = 


Values  of  the  Coej^cients  B  and  A. 
K-  tef 


and  A  =  .,    ■■.-,we  substitute 


K      A'  -  Icf 

assumed  numerical  values  as  follows:  K=  13,000,  U,000,  and  15,000; 
i  =.  250  and  300;  c  =  0.24:  /  =  20,  30.  and  A0\  a  =  200,  300,  and 
400,  we  obtain  values  of  B  and  A  as  follows: 


rwB«<!rB  =  ^^-~^. 

Fori^    880'       250"       250* 

800' 

800* 

300' 

/=     20          30          40 

30 

ao 

40 

For  Jr=  18.000.  B^    .01          .86         .89 

.80 

.83 

.78 

=  H.ono,  B  =    .91           .8T          .P8 

.00 

.85 

.70 

s  is.ooo.  n  ^   .9i        .68        .84 

.90 

.86 

.81 

*CIp  to  this  point  thfl  tKatm«)t  of  this  snhj^ct  Is  bii.<u>(l  partlvon  tliftt  nf 
Rftnlclne  ("St«ftmeii)Hn«,"  p.  SfIS)  and  partif  nn  tbat  of  Ua!e  (Truis.  A.  S.  M.  F.., 
ToL  xviU.  p.  SSO).     What  follows  la  original  work  of  the  author. 


Graphical  Interpretation  of  Formula  (7). — On  a  ajetcm  of  rectan- 

W 

giilar  co-ordinates,  Fig.  47,  lay  out  E^  and  BE^  as  ordinatM  and  -5- 

aa  alMciasa.     From  tlie  end  of  tlie  ordiimie  BE^ 

r 

draw  a  straight  line  inclining  dowjiwanUat  an 

angle  whoik!  tungout  iii  ^-1.   Then  foruny  Tulue 

W 
of  tha  abiicisBa  -3-  the  corresponding  value  of 

E^*  will  be  the  length  of  the  ordinate  drawn 

W* 
from  the  extremity  of  -5-  to  the  inclined  line. 

a 

The  inclined  Hue  can  never  reach  the  axis  of 


Fio.  47. 


abscissas,  and  the  rate  of  efaporation  -^  can  never  be  as  great  m 

BE 

—j-*.     (Appendix,  note  8.) 

Radiation  Considered. — In  the  above  formulas  no  account  has  been 
taken  of  radtalion  into  the  atniospliere  from  the  external  wullt)  of  the 
boiler  and  fnmace.  For  a  given  value  of  F  and  A'  radiation  will  tend 
to  reduce  the  valaes  of  E^'  and  11"'.  Let  r=  nuliation  expressed  in  anita 
of  evaporation  per  lb.  of  fuel,  then  total  radiation  per  hour  =  rF,  and 

rP 

radiation  in  U.E.  per  hour  per  s<\.  ft.  of  heating  surface  =  -s-  =  A 

^,'  =  E„  +  r.         H''  =  ir-f  ^iS. 
Formula  (7)  then  becomes 


J 
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farnace  conditiouB,  r/'and  li  will  be  practietilly  eoustaiit.  They  will 
represcQt  but  a  small  percentage  of  the  heat  generated  in  tbe  furnace 
when  the  rate  of  driving  is  high,  and  a  lai^e  percentage  when  the 
rate  becomes  very  low. 

Oraphical  Representation  of  Formola  (10). — Formula  (10)  mav  be 

«xpre£sed  E^  —  BE^  —  A-^  —  AR  —  r, 

and  it  may  be  representeil  graphiL-jitly 
as  in  Fig.  48,  the  height  A'^  of  any 
point  of  the  curvud  liui;  above  the  base 
line  representing  the  actual  evaporation 
correflpondiug  to  a  certain  rate  of  evap- 
oration \V/S.  tn  the  I't^u.-iiioii  there  are 
three  qaaniities  which  are  subtracted 
from  BEp,  and  these  are  shown  on  the  dia- 
gram :  A  iiy  a.  constant;  A  W/S,  which  in- 
oreoBea  directly  as  H'/N;  and  r  —  RS/Ft 
which  increases  rapidly  as  W/S  upproaches  0. 
^-^  =  0,  r=  n/Cp-AR. 

Efficiency  when  Kadiation  is  Considered. — We  have 


W/S  and 


_RS_RSE^ 


since    R  = 


rF 


and    F  = 


W 


Substitnting  this  value  of  r  in  eq.  (10)  it  becomes 

JfE„ 


^.=.^.-.(^^-.)--^  = 


^Bee  Note  i,  Appendix.) 


^  W 


-A^,  .     (U) 


E^ 


Efficiency  =  -^  = 
Ep 


B 


1  + 


R8 
W 


AW 

HE,'  ' 


Ta  ~  "vjp" (*®) 


An  AriihmetiaQ  ExampU. — Consider  first  the  case  in  which  ra- 
diation i8  so  small  that  it  nmy  bo  neglected.  We  will  supjioso  the  fol- 
lowing dat^  to  have  been  obtained  in  a  test  of  a  Imiier,  and  assume  that 
all  the  fuel  is  completely  burned,  the  whole  of  the  heat  generated 
being  Ur«t  applied  to  raising  the  temperature  of  the  gases  of  combus- 
tion before  they  come  in  contact  with  the  honting  surface: 
Heating  value  of  the  fuel  =  K=  13,570  B.T.U.  per  lb.; 
E,  =  13,670  -4-  965.7  =  14.05  TJ.E.  per  lb.  of  fuel, 
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8  =  1000  sq.  ft. ;  F  =  300  lbs.  per  hour; 

W-  75*  of  U.05  X  /'  =  I0.538  X  300  =  3161  lbs.  per  hour; 
/  ^  24  lbs.  g&8  per  lb.  fuel;  c  =  0.24,  specific  heat; 

«  =  //  =  7200  lbs.  gas  per  hour. 

Tj  =  ^-  =  -fTfya'  =  2356°  eleTation  above  atmoBpheric  temperaturep 

^'~^'  =  76;<  efficiency;  T,  =  25'«  of  235G  ==  589"; 

t  =  temperature  of  water  —  atmoepberic  temperature, 
=  34l*F.  -60*  ==281*'; 
j; -  T,  =  1767";        Ti—  t  =  2075*;        T,-t  =  308". 

'We  now  have  all  the  values  required  for  Bubatitutiou  In  formula  {iy 
except  a. 

Formula  (4)  ia 

S'  1  1  J*        y 

Substituting  the  Talues,  we  have 

1000     _    t 1  _   1767 

0.24  X  7*00  X  fl  ~  308   2076  ~  308  X, 207ft' 


Whence 


a  =  209.3. 


W 


Take  now  formula  (7),     K'  =  ^^j.  "  -*  -5 


7J^^2075^ 


-4  = 


flcr        209.3  X  0.24  X  24 


t 


2075 


=  0.681 


,«.    n      ^  -  f<-f      13,570  -  281  X  0.24  X  24      .  ^... 
or,  from  eq.  (8),  £=  — ^  :=  — ^3^5,;^ =  0.8807j 

.         flcy         209.3  X  0.24-  X  24" 
and  eq.  (9),        J  =  X-^" "isrSTO"- 1619"  =  ^'^^^' 
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£/  =  BF,  ~A  ^=  0.8807  X  14.05  -  0.581  ?^  =  10.538. 

2.  We  will  now  assume  that  radiation  from  tlie  boiler  and  furnace 
amounts  to  2^  of  the  heating  value  of  the  fuel,  reducing  the  efliciencjr 
to  7'i^  instead  of  75. 


2jf  of  E,  =  14.06  X  .02  =  0.281  =  r. 

0.281  X  300 
1000 


=  0.0843  I'.E.  per  hour  per  aq.  ft.  of  heating  surface. 

W=W'~  J?5=  3161  -  84  =  3077. 

V         1    n^^      ^           ^^w         J '*"     0.8807x14.05    ^-.,3077 
FonnuU(Il),    B^^ ^^-^^=      .   .   m.3 °-*®^iood 


1  +  ^^ 


14 


3077 
=  10.256  U.E.  per  lb.  fneL 

r»  D  AW 

Formula  (13),  Efficiency,     -  = 5- ^rs- 


0.8807 


0.581  X  3077 


=  0.73. 


**"  3077 
KOTB. — If  the  ftiel  contains  hydrogen  and  water,  the  ralues  of  B 


T  —t 
azkd  A  should  bo  obtained  respectiTely  from  ■  ' ^—  and 


acf 


and 


T     —  T,  -  t 

not  from  eqs.  (8)  and  (9),  since  the  value  of  K  m  tlieae  etjiiations, 
determined  from  the  analysis,  is  the  total  heating  value,  the  water  in 
products  of  combustion  being  condensed  and  cooled  to  the  atmosphcnc 
teiniMniture.  If  the  ** available'*  heating  value  is  used  as  the  value 
of  K",  this  should  he  computed  on  the  basis  of  the  superheated  steam 
escaping  from  the  fnmaco  at  the  tempemture  of  the  furnace.  It  may 
be  obtained  more  directly  from  the  formula  A' =  7\fc,  T,  being  cal- 
oolated  from  the  formula  giren  on  page  29,  viz. : 


r,= 


616C  4-  2220H  —  3270  -  44  water 


/  + 0.02  water -0.18H 


STEAM-BOILER  ECOSOMT. 


Example  3. — Required  the  efllciency  of  a  boiler  using  moist  wood  as 
fael,  the  vood  having  the  coinpoeition  given  on  pages  ^5  and  <!9|  vith  K 

=  61G8  B.T.tT.»  J  =  15,  r,  =  1403",  a  =  200,  -^  =  3,  72  =  0.081, 
<=300. 


i  +  n^ 


SE,' 


£,  =  6168  -f  960.7  =  6.387  U.E. 

acf     _  200X0.24X16      ^  _, 


£Ricicnoy  = 


_  ^«  — 


^P 


1  + 


"'!f"  ,  -0.653X  :4k  =0.765-0.307=0.458. 


i;^  =T  0.458  X  6.89  =  9.926  lb.  OTspomted  from  and 
at  212*  per  lb.  of  wood. 

Or,  from  formtjla  (IS),  E^  =  —^^^  ^  ^^ 


1  +  li 


S 


S 


w 

0.786  X  6.39 


=  ^-^  ZJ^  -  0.653  X  3  =  2.98  lb. 

TIlia  example  shows  what  very  low  efficiency  may  be  obUuned 
from  moii)t  fuels  wliuu  Uic  iilr-aupply  Is  exccssaivc^  even  at  moderate 
rates  of  driving.* 

Example  S.  Other  conditions  being  tbo  same  as  above,  let  y  s  10 
and  7\  =  2020. 


T.  -  t      1730 


J", 

acf 


=  0.851. 


2020 
200  X  0.24  X  10 
1720 


=  0.S79. 


7; -/ 

F        0  ft51  ^ 

Efficiency  =  £^=^,-  M19  y<-^^  =  0.698. 

S^  =  0.69S  X  6.39  =  4.46  lbs.  evaporation. 


*  Th«  Kir-supplj  for  mRXiinaai  pcodoihv  \t  aboat  Wf  la  MCcen  of  thitt  rvqulred 
to  >iiint  the  C  tn  CO,  iind  tti«  H  to  11,0,  fn  nrdf>r  to  InRiire  tlimt  nit  tlin  C  is  inroad 
to  ('0,  in()  none  to  CO.  This  corrp«pon<i«  t*)  hIkiuI  18  lbs.  of  air  per  Ih.  nf  rttta- 
buaiiblv  fnr  antbmclte  and  s«^mi-bitnminons  cxbI,  hut  u>  a  murb  stiiitllf-r  (juaotity 
(or  fuels  high  In  oxvfrvD  and  mnistarn.  my  0  to  13  lbs,  for  wood  and  li^ita. 
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Calculation  of  the  Valaes  of  A,  B,  and  a  firom  the  Results  of  Boiler 
Trials.— From  the  report  of  tbe  boiler  trials  at  the  PhiloUtiliibiu  Ex- 
hibition ill  1876  we  olitain  the  following  data  of  Uil>  trials  of  the  six 
boilers  allowing  the  highc-tit  results  reached  in  the  ocouomy  trials  with 
anthracite  coal,  together  with  the  similar  data  of  llio  capacity  trials  of 
the  same  boilers: 

EooDomy  Trials.  C*|i«cll]r  Trial*. 

«  a  ir  *a  s"  "ir 

Root 1S.004  %:-m  .837  10.441  3.207  .813 

Firmeokib U.863  1.983  .&18  11.084  3.367  .437 

Law6.  U.923  2.I4U  .4«S  11.163  3.171  .815 

Smith 11.9(M1  2.785  .S.'iO  ll.fl2S  S.799  .267 

Babcock  ft  Wilcox..  U.P22  2.791  .BM  10.330  8.840  .2flO 

tiallowiiy 11.SB8  4178  .239  ll.aifl  5.413  .185 

S^  =  lbs.  of  waier  evupuntMl  from  kciJ  at  S12*  per  lb.  of  combostible;  W/S'ss 
U.E.  per  aq.  ft.  of  heaUnf^  surraco  t>er  huur. 

Many  desirable  data  are  lacking  in  the  report  of  these  trials,  snch 
as  analyses  of  the  fuol  and  of  the  chimney-gases,  the  temjierature 
of  the  Hre,  thu  weight  uf  Liie  giu^eB  per  pound  of  combustible,  which 
might  be  caloiilaTed  from  the  lUiiilyses,  and  an  estimate  of  the  loss  by 
nuliation.  Vroni  the  in  formation  uvalluhip,  however,  rensoiiiible 
assumptions  mny  be  made  of  the  data  that  are  lacking. 

Tltc  cuul  was  inflected  anthracite,  and  its  heating  value  per  lli.  was 
probably  not  far  from  14.800  IJ.T.I'.  pi-r  lb.  of  combustible.  We 
take  then  A'  =  14,^00.  and  A'p  =  A'  -j-  lM>j.7  =  15.325. 

Wu  may  assnme  that  the  radiation  per  lb.  of  fuel  was  equal  to  Z%  of 
Ep  when  the  boilers  were  driven  at  the  avurage  rate,  corresponding  to 
s  fnel  consumption  of  0.231  lb.  of  combustible  per  sq.  ft.  of  beating 
surface.     We  have  thea 

r  =  0.03  X  15.326  =  0.46,     and     R  -  r-^~0.lOQ, 

o 

or,  say,  7?  =  0. 1 

From  the  fact  tliat  the  economy  tests  gave  very  high  Ggures.  it  Is 
not  probablo  that  tJio  weight  of  gases  per  lb.  of  combustible  greatly  ei> 
ceeded  20  lbs, ;  but  wo  ebull  make  two  separate  assumptions,  for  the  pur- 
pose of  illu.'itrtttion,  viz.,  thac/=  20 and  30  lbs.,  and  make  the  calcula- 
tioud  on  both  assumptions.  The  tcmjienilnre  of  the  steam  duo  t^o  the 
pressure  used  in  the  trials  was  about  316",  and  taking  the  tem)>orft- 
ture  of  the  atmosphere  at  66*  this  givtw  t  =  inO". 


I 
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^^^^^  Taking  e,  the  specific  iieat  of  Ihe  gasea  at  0.24,  we  b*T« 

■ 

^^^H                              for   / 

20 

30 

■ 

^^v 

4.8 

7.3 

^1 

1       \                                             icf- 

1200 

1800 

^1 

i.                         B^-^f^ 

0.919 

0.878 

^ 

m^                            BE^  = 

14.08 

13.46 

^ 

3083 

20fi6 

1 

^^H         We  cannot  &nd  -■!  from  Uie  equation  ^ 

ticf       ,          .           ^      H 
—  ,„   ■'    ,  sinceo  18  agyet           1 

V          unknown.    We  therefore  obtain  it  from  oq. 

(11): 

^ 

B                        E  -      ^^^ 

A   ^ 

) 

I 

^m                   '^*'  ~  I  +  Rn/  jf 

ir     -^"Jw". 

I 

1           Making  the  computatlonB,  we  obtain  for  thf 
I                 For/ ^20: 

economy  trials: 

i^^^^^i 

^^H                                                    Root.              Firm. 

Low«. 

fiinttli.         B.  A  w. 

^H 

■          f+5ftTr='»»«      '»»^^ 

13.453 

13.581         18.633 

^^k 

^H                              &  =  13.(K)i        11.088 

11.928 

11.006        11.822 

11.58S          ^H 

"                  DiffernoM  =    1.460          1.3B9 

1.580 

1.675          1.760 

^^k 

MulU  by  ^,.4=     ,6W           .7»6 

.713 

.601            .680 

^H 

«='^*^""'*=     388            428 

481 

8»9            878 

^1 

And  for/=  30: 

H 

5 io  (Mft         1*1  Qnn 

12.866 

12.&89        1S.88S 

^^k 

i  +  j?5/ir  ->8»«     ^3-8*» 

A  s      .386            .431 

.43d 

.389            .4IS 

^H 

as    188            ISS 

178 

158            161 

147              ^^k 

Using  the  same  valnes  of  K,  /,  and  i?  for  the  capooity 
obtain: 

trials,  we     ^^% 

rt  =    682 
And  for/ =  'M: 

A  =     .816 
as=  8S1 


12  865        18  048        18.110        18.134        13.177 


.800 
814 


.573 
335 


.816 
134 


.726 

385 


.416 
163 


The  calculated  values  of  a  are  therefore,  for  tho  severul  coses  and 
for  the  dilTereiit  luwumptioiis,  seou  to  vary  between  the  wide  limits  of 
124  and  6i.'5.  The  higher  fignreB  obtaiuetl  in  tho  capacity  trials  with 
/taken  at  30  arc  improbable,  since  it  is  likely  that  with  the  stronger 
draft  and  the  companitively  low  economy  oblaine<]  the  air-HUpply  waa 
murh  greater  than  that  corresponding  to  a  value  of/  =  20. 

The  re«uUa  of  two  teste  reported  by  J.  C.  Uoadley  in  Van  Jioi' 
(rand's  Magazine  in  1882  give  the  data  required  for  computation  ia 
more  complete  form,  and  leave  less  room  for  lu^nniption. 

In  these  tests  the  following  data  are  given,  or  may  be  calculated 
from  the  data  given: 

B&bcock  4U(d  R*Kuni 

Wllcvs  Tubular 

Ballvrv.  Bnllcnt. 

Tleming  Tilue  per  lb.  of  corobaBtlble A'=  I4tS44 


•'  "in  evaporation  unite,  K  -+-  965.7 ^  = 

Waivr  evap.  frmii  and  iil  SIS"  per  lb.  oombustlble,  E^  =  1 1  255 


KtRci^'ncy,  Ba  -^  Sp per  rant 

Flu«-K>aea  per  lb.  combustible ./  = 

Mcftu  t«uipermluro  of  6uo-g«»e8 }*, -f  60  = 

Lo«  uf  elHciency  dun  t^i  keat  iii  tbe  flue-jpww,  jwrcttot 

All  other  )ns«eK,  inclodiDK  radiattmi,  p^r  cent 

Temparuura  at  Bro,  C!a.1cnUt«d  bj  Mr.  Hoadlej 

"  fouDd  br  pyrometer  Id  bottest  part  of  Gre 

Oklcalstlng  the  elevation  oT  tbe  tenip«ratura  of  tbe  lir« 

above  Ibat  of  iLe  atmovphere  (60'}  by  tho  formala 


75,03 

30.71 

467 

20.54 

4.4S 


1M6' 


19 

10.671 

70.47 

82.10 

548 

25  47 

3.43 

1H8B"  F. 

2270' 


Temp,  of  ^leom  above  atrnofphere 279* 

r. -( 


.8566 


SS,^ 12.849 


er  evaporated  from 
sarfaoa 

Taking  Jt  =  0.1,  we  U% 

suUruct  ie; 11.355  10.571 

QirMA^  = 1.2T0  1.054 

o 

Prom  whicL.d  = 8S1  .371 

a  =  A^^^-~>  = 73.6  76.3 

Tbes^j  llgiires  uiid  the  oues  givoii  abovu  for  ttievnlnc  of  a  iiulicuta 
thut  it  luta  »  much  wider  mnge  than  tliat  giveu  by  Hunkine.  viz.,  IdO 
to  yoo.  The  very  low  figures  obt^iined  from  lloadley's  tests  are,  how- 
ever, prububly  iuaccuratti,  &ud  Um  following  may  be  given  aa  a  roaM)n 
to  account  for  them. 

A  liigh  evaporative  result,  accordii]g  to  the  formula,  is  consistent 
with  a  low  value  of  either/ or  a.  \l  a  high  reault  in  obtained,  and  », 
high  value  of/ is  found  from  ibo  analysis  of  the  chimuey-gases,  then 
the  value  of  a,  the  uukuowu  quantity,  which  cau  be  obtained  only  by 
coniputatiuii,  using  the  foriiiula.  will  appear  to  be  low.  The  furmnlii, 
however,  is  ba^ed  ou  the  supposition  that  /  is  tiio  weight  of  ga& 
in  the  furnace  per  pouud  of  combustible;  hut  the  weight  of  tbo  gas  in 
the  chiinney  may  be,  and  often  is,  ver)'  much  greater,  on  account  of 
leaks  of  air  through  the  brick  scttiuj;,  between  the  furuuce  and  the 
chimney.  Houdley  gives  the  CO,  iu  the  chimucy-gai^  as  mnging 
from  7.00  to  8.00  jwr  cent  by  volume;  very  low  fignresi,  probably 
much  lower  than  that  proeent  in  the  gases  just  as  they  left  the  furnace. 
If  the  sampleti  of  gas  fur  aualvHiiJ  had  been  taken  from  a  point  near  the 
Inrnace,  instead  of  from  the  flue  leading  to  the  chimn(^y,  higherfigures 
for  CO,  might  have  been  found,  which  would  have  made /lower  and  a 
higher. 

Calculations  of  values  of  a  ohtjiinetl  from  the  results  of  other  boiler 
trials  will  W  given  in  a  later  chapter. 

General  Formulas  for  Efficiency. — If  in  eq.  (10), 


Interpretation  of  Equation  (13). — For  a  given  fuel,  ctmipletely 
burned  iti  t\\v  fiirimcA:,  aiiij  n  given  a  team -press  u  re,  the  oTEporation 
per  pound  of  combustible  will  depend— 

1.  Od  tl)e  iieatin>r  value  of  the  combustible,  or  A'. 

2.  On  the  eleviiltou  uf  the  temperature  of  the  water  in  the  boiler 
above  the  atmospheric  temperature,  or  t. 

3.  Ou  /',  the  wcij^ht  of  Hue-gases  per  pound  of  combnatible.  which 
depeudfl  ou  the  force  uf  the  druft  and  ou  the  tltickuess  of  the  bed  of 
fuel  and  other  obstructions  to  the  draft,  such  as  choked  air  or  gas 
passages,  clinker  on  the  grates,  etc. 

4.  Ou  the  rate  of  driving  W/S,  which  depends  on  the  quantity  of 
fuel  burued  ]>er  st^uare  foot  of  heating  surface. 

5.  On  the  loss  by  rndiatiou,  whioli  miiy%e  reduced  to  a  Bmall 
amount  by  diminishing  thcextcutof  i-adiatiug  surface  and  by  clothing 
it  with  non-conducting  material. 

6.  On  the  value  of  the  coefficient  a,  which  is  not  merely  a  coefficient 
of  tlie  resistance  to  couduction  of  heat  through  the  metal  plates  of  the 
boiler,  aa  it  has  hitherto  been  considered  in  theoretical  discussions  of  the 
subject,  but  it  also  a  function  of  the  iiiotliod  in  which  the  gases  pass 
over  the  heating  surface,  aud  of  the  proportioD  of  the  whole  beating 
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sorfaoe  which  is  properly  covered  by  the  currenU  of  hot  gas  as  they 
puas  from  the  faruuco  to  the  cbimncy- flue,  uot  being  "short-circaitcd  " 
or  covered  hy  eddies  of  cool  gas.  if  a  boiler  hits  itt)  heating  8urf»c« 
of  moderate  thiekue&s,  cleau  iusidc  aud  out,  and  the  vater  on  one  side 
has  a  circulutioQ  suflicient  to  sweep  away  steam  or  air-bubbles  as  fast  as 
they  form  on  it,  the  value  of  the  coetticient  a  should  be  low;  but  if 
under  these  favorable  conditions  the  gas-pos&ages  have  such  an  ar- 
raugemunt  or  such  proportlous  as  to  allow  of  the  sbort-circuittng  of 
the  current  of  gas  or  the  fonnation  of  eildiea  of  cool  gas,  then  the 
value  of  a  may  be  high.  It  should  be  noted  that  the  coefficient  a  aa 
here  used  is  uot  a  ^'uoustaut  of  nature'*  whose  value  is  derived  from 
direct  experiments  on  heat  transmifision,  but  ia  only  the  result  of  com- 
putation of  a  complex  formula(  see  Kq.  IG)  which  contains  six  other 
variabltis.  Any  error  in  the  observed  data  which  affects  the  value  of 
any  of  these  variables  will  therefore  alTnct  the  computed  value  of  a. 

Large  values  of/,  Ji,  aud  W/S  indicate  losses  of  heat  duo  respect- 
lively  to  excessive  supply  of  air^  to  excessive  radiation,  and  to  excea- 
sive  rate  of  driving.  A  large  value  of  a  indicates  a  loss  of  heat  which 
may  be  due  to  one  or  more  of  sevenU  causes,  such  as  excessive  thick- 
ness or  defective  conducting  power  of  the  metal,  coatings  of  scale  or 
grease  on  one  side  of  the  metal,  or  of  soot  or  dust  on  tho  other,  short- 
circuiting  of  tbu  gusea,  or  imperfect  conibitstiou.  The  multifarioua- 
ness  of  this  coefficient,  therefore,  may  cause  it  to  have  a  very  wide 
TSDge  of  values,  say  from  100  to  500,  instead  of  the  narrow  range,  160 
to  200,  given  by  Itankine. 

The  Coefficient «  as  a  Criterion  of  Boiler  Performance. — If  we  h»T» 
the  following  dal4i  obtained  from  the  test  of  a  boiler: 
K  =  heating  value  per  lb.  of  combustible; 
W/S=  evaporation  por  sq.  ft.  of  heating  snrfaco  per  hour; 
/  =  tenii>erHture  of  the  steani; 

Ea  ■=  evaporation  from  and  at  812*  per  lb.  combustible, 
we  may  form  an  approximate  estimate  of  whether  or  not  the  perform- 
ance is  high  for  tho  given  rate  of  driving  by  tlie  following  method: 

From  formula  (14)  we  obtain 


a  = 


K~tcf 


_96r,(l4-i^,f,) 


-  .EL 


'   {K-tef)   S' 


(16) 


For  a  high  evaporation  with  given  values  of  K,  (^  and  W/S  it  is 
aacessary  that/ and  H  be  low,  say/  =  20  and  R  =  0.1.     Subetitut- 
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log  iheM  valaee  in  the  above  equation  and  taking  c  =  0.24,  ve  obtain 


a  — 


4.8/ 


9Gg(i+0.1-J^) 


-  ^.  U 


83.04        W^ 
{K  -  4.H0    iV  ' 


(17) 


If,  on  substituting  in  thin  equation  the  obserTetl  values  of  K^  I,  W/S, 
and  /^, ,  the  vahie  of  a  conies  between  300  and  400,  tJie  performance 
may  be  considered  high;  if  much  above  400,  it  is  from  fair  to  low. 
Th«  cause  of  low  performance  may  be  low  temperature  of  furnace,  due 
either  to  imperfect  comhustiou  or  to  exceseive air-supply;  short-circuit* 
ing  of  the  gases,  rendering  the  heating  surface  ineflectire;  air-leaks 
into  the  setting;  moisture  in  the  coal  or  in  the  air;  unclean  heating 
surface;  or  excessive  radiation. 

Applying  this  formula  to  the  data  of  the  Centennial  teaU,  we  will 
obtain  the  same  values  for/i  as  those  already  given  on  p.  2IG  tor  f  =.  20, 
K  =  USOO,  t  =  250,  ranging  from  :iO(>  for  the  Gallowaj  boiler  to  428 
lor  the  Finucnich  in  the  six  economy  testa  showing  the  best  resulU. 

Apjilyiug  it  to  Hoadley'a  tests,  we  have: 

B.  &  W.  boilers: 


14344-4.8  X279 


r   143- 
|_U(i6(I 


+  0.1XV3-»9) 
Tubular  boilers: 

r   14344-4.8x3  79 
L96e(l-l-0.lX  1/6.27) 


-11.255 


-10.571 


G^ 
h 


23.04 

X 

:,.99 

14344  - 

4.i 

X  279 

23.04 

X 

5.27 

14344  -  4.8  X  379 
W 


=  308. 


^=!W8- 


Effect  on  B»  of  Variations  of/,  R,  -—,  and  a.— We  shall   now 

make  some  comi)utatiunB  of  different  vidues  of  J^„ ,  or  the  evaporation 
from  and  at  212'' per  pound  of  combustiblo,  leased  on  assumed  cou< 
stant  values  of  AT,  /,  and  c^  and  various  values  of/,  Ji,  a,  and  W/ S. 
Assnme  that  the  coal  is  anthracite,  with  ubi-aling  value  of  K=  14,H00 
B.'I'.U.  per  lb.  combustible;  that  t  —  300°,  correeponding  to  steum 
of  140  lbs.  gauge  pressure,  and  atmospheric  temperature  of  60*;  and 
£,  llie  specitic  heat  of  the  flue-gases,  =  0.24.     Then  tc  =  72; 

£■,  =  14.800  H-966  =  15.321; 

£  _  14,800  -  72/ 
*  14,800 


1  +  ^ 


w 


X  15.321  - 


.0576a/' 


W 


14.800  -  73/  "  5 
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Now  assxime  that  /  =  20  and  a  =  200,  and  with  four  different 
values  of  H,  riz.,  0,  0.05,  0.1,  and  0.2,  calculate  the  efTectof  radiation 
upon  the  values  of  the  actual  evaporation  per  lb.  combustible,  E^, ,  and 
the  eificiuucy.  E^  -i-  E^,  Tor  ditfertiut  ratea  of  driving,  W*  -¥■  S.  TUa 
results  are  aa  below: 

Vaiue*ofS^tindgJJS^wiViK=s  14.800,  (  =  300.  /  =  20,  «  =  200. 

W/S=                             13               8               4               6  8 

Jt^tt,      S^          =Ib6.18  485  18.140  I3.79Q  12.450  11.701  11.071 

^Jftp  =  *     88.01  86.76  83.M  81.28  78.76  7^.26 

S  =  0.(Ki,K^         =:lba.l2.8S7  12.803  1S.568  12.280  11.847  10.085 

"           EJff  =%    83.79  83.56  82.03  80.15  76.02  7170 

M  =  0.1.  F^         =lbB   12.2SS  12-18-^  13.S50  12.113  11.534  10.001 

KJB^=S     78.81  81.47  80,81  79.08  76.28  71.15 

i2  =  0.8,£„         =  lbs.  11.180  11.883  ll.il30  11.788  11.815  10.784 

BJB^  =  %    72.87  77.66  77.87  76.97  78,85  70.06 

To  determine  the  effect  of  various  values  of  /,  or  the  weight  of 
dry  chimuey-gascs  per  pound  of  couibiistible,  upon  the  evaporation 
and  BftiLieiicy,  lake  fl  =  0.1,  (i  =  200,  aud  /  =  20,  26,  30,  and  36. 

The  computiilion  gives  the  roBults  below: 

Vuiiua  0/  Ea  anJ  Ea/S^  w/M  K  ^  14.800,  <  =  300,  fl  =  0.1. 
0  =  800. /=  30  10  85. 


W/8  = 

1    • 

3 

8 

4 

6 

8 

/  =  90.  «,         =  lb». 

13.228 

12.483 

12.350 

12.118 

11684 

lO.WI 

"       S^/Ep  =  % 

79.81 

81.47 

80.01 

79.06 

75.Sffl 

71.15 

/  =  3S.  «,       =11)8. 

11.681 

11.710 

11.363 

lo.tna 

0.015 

8.868 

"        Bn/B,  =  % 

76  34 

76.43 

74.17 

71.25 

64.71 

67.88 

/=  so.  B„       -  ll». 

11.076 

10.82S 

10.303 

9.486 

7.ft'iO 

6.809 

"      K^/S,  =  % 

73.39 

70.04 

66.  S» 

61.92 

Sl.ftO 

41.53 

f^za.Ea      =  Ibd. 

10.407 

9.808 

8.8r)3 

7.805 

6608 

8  SRI 

"    «./^  =  ^ 

67.08 

64.02 

57.78 

50.54 

30.60 

SI94 

In  like  manner,  wo  obtain  the  effect  of  variations  in  the  valno  of 
the  coetUcient  a  as  follows: 

Vatua  tif  J%|  and  Ba/Ep  with  K  =  14,800.  1  =  800.  A  =0.1, 
/=  20.  a  =  I00to4O0. 


Tr/s=              1 

3 

3 

4 

6 

8 

0  =  100.  £;      ^Ibs.  18.401 

18.837 

18.867 

13.806 

13.568 

13.879 

••       Ea/Bp  =  *       80.04 

83. 73 

88  98 

88.58 

82.03 

80.14 

a  =  200,  £i       =  11)9.  12.228 

12.489 

12.350 

12.118 

11.581 

10.901 

"        B^Ry  =  i        79.81 

81.47 

BO.  61 

79.06 

75.28 

71,15 

a  =  800.  A.       =  ll>9.  12.058 

12.137 

11.832 

11436 

10.4119 

8.520 

Ea/B,^  *        78.M 

79.82 

77.28 

7^.67 

68  53 

09.14 

0  =  400.    B.      ■r--\\y%.  11.883 

11.7B3 

11.316 

10.734 

9  461 

8.141 

•         BJE^  =  %        77.66 

76.97 

78.86 

70.06 

61.77 

■18.14 

^H                 «i|-T- 
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The  Effect  of  Variation  in  the  Steam-preisnre,  giving  different 

vuIiieH  of  /,  the  eleratiou  of  tlii'  lein{>crutur(!  of   Llie  sttiUQi  atwTO  that 

of  the  atmosphere,  is  sliowu  below: 

VaUte*  of  Ha  aud  EJK,  with  K-  14,800,  /^  20,  U  ==  0.1,  a  =  200,  and  t  =  IfrfT. 

250*.  and  800",  eorrtaponding  Terpeetively  (v  steam'ffovge  prtaauru  of  0,  65,  and 

149  tia.,  and  almotpAffhe  kmperaturt  of&i'  K. 


W/8  = 
t  «=  IflO",  *„ 


1 
=  ]li».  13.034 

84.  as 


f=a50'.ft:.      =ibii.  i2.4fto 

■•      K^B,,  =  %        81.38 

(  =  800*,£;,         =lbe.  12  228 

"      Ea/Ep  -  %        W.81 


2 
13.237 

86,83 
12.721 

83.03 
12.482 

61.47 


9 
13  124 

85.  M 
12,618 

82.82 
12.350 

tw.ei 


4 

13.911 

84.27 
12.360 

80.80 
13.118 

TV.  00 


e 

12.876 
80.70 

11.814 
77.11 

11.584 
70. 2» 


8 
11778 

76  87 
Il.lfiS 

78.07 
10.  Ml 

71.1& 


1i 
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PlO,  Rl.— ErPBCT  OF  eTKAM-PBRMTTRE  UPON  ErFrcfKNCT. 

Effect  of  Heating  Talne  of  Fuel  on  Efficiency. — The  thIuc  of  A',  or 
B.T.U.  per  lb.  combiiHtibli-,  may  vary  from  about  20,000  for  pt^lvoloum 
to  about  GOOD  for  wood.  The  formiilji  {]:i)  will  not  apply  without 
moUifK'.ntion  to  cither  of  these  fuels,  since  another  term  would  have  to 
be  Hubtructed,  rcpre&eiitin^  the  heat  lost  in  thcsiiperlieated  Bteurn  iu  the 
chimney-gases,  derived  from  the  combustion  of  the  hydrogon  in  both 
fuels  aud  from  the  moisture  in  the  wood.  Neglecting  thin  Bobti-active 
term  and  taking  two  hydrogenoue  coals,  one  with  a  heating  vahie  of 
16.000  U.T.IJ.  per  lb.  combiiBtible,  about  the  higbofit  figure  for  scnii- 
bitumiuouH  roal,  aud  the  other  with  13,600  IIT.U.,  corresponding  to 
a  highly  volatile  llliuoJH  coal,  aestimiiig  /=  20,  a  =  200.  c  =  0.24, 
t  =:  300,  and  aubBlltuting  the^te  valnos  in  equation  (13),  wo  obtain  tho 
following: 

Valu49  of  R^  and  SJBp  corruponding  to  K~  18.600, 14.800,  and  16.000.  no  alttna 
anet  Mug  vuxdtfor  he*ti  iott  in  tuperh^ated  ttean  in  the  eAimnef/'gatts. 


W/8  = 

1 

3 

8 

4 

6 

8 

jr=  18.800.  js;.      =ibe. 

noAS 

11.381 

11.040 

10.765 

10.106 

0  4OS 

KjEp=% 

76.60 

79.77 

78.4fi 

76.48 

71.80 

66.76 

ir=  14.800,  ff„        =Ilw. 

12.238 

13.483 

13.3J0 

12  113 

11.584 

10901 

S,/B,=  % 

7«.8l 

81.47 

80.61 

79.06 

76  38 

71.15 

jr=  16.000.  E^        =  IbB. 

13.886 

18.7S3 

18.688 

18.480 

12.920 

12.85& 

"             Ba/B,=  % 

80.83 

83.86 

82.84 

81.14 

76.04 

74.58 

BFFWIENC7  OF  TUB  EEATiyO  SURFACE. 
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This  table  shows  that,  other  couditioiia  being  equal,  tlie  highest  effi- 
ciency  may  bo  obtaiued  from  the  fuels  of  the  highest  heating  value;  also 
that  the  decrease  of  ethciency  due  to  rapid  rat«s  of  drivlug  ia  greateat 


9A 


15  70 
66 


a«ao 


^%;       i  Z  3  4  5  S  7 

Fio.  53.— Epitkct  ok  Hkatimo  Vai-ub  of  Coal  upon  Efficienct. 

with  fuels  of  the  lowost  heating  value.  Since  for  hydrogenous  fuels 
and  fucb  coutaining  moisture  sonic  deduction,  annouDting  uenally  to 
upward*  of  3;*,  must  be  made  from  tlie  possible  efiiciency  calculated  by 
the  formula,  on  account  of  loss  due  to  aiiperheuled  Hteum  in  the  chim- 
ney-gases, it  \a  prolmble  that  the  highest  o3iciency  wilt  be  obt^iinod 
from  anthracite,  although  the  seml-bituminoua  coals  have  a  higher- 
heating  valne  tliaii  nnthraf-ite. 

Thia  will  be  shown  by  the  following  example: 

lici^ulred  the  etiictency  obtainable  with  Pocahontas  semi-bitumi- 
nous coal  whose  nimlysis  is  C,  84.*22;  JI,  4.2G;  0,  3.48;  N,  0.84;  S, 
0.59;  ash,  &.85;  moisture.  0.76,  the  dry  chimney-gas  bt;ing  30  lbs. 
'per  lb.  of  combustible  =/;  o  =  200,  ^  =  0.1,  <  =  30O.  The  theo- 
retical elevation  of  the  temperature  of  the  fire,  T,  =  3110°,  as  cal- 
culated ou  p.  30.  The  heating  value,  A',  calculated  from  the  aualyatB 
is  15,850  B.T.U.  per  pound  of  combustible. 

.^=  15,850 -i- 966  =  16.408  lbs.  T,-  t  =  3110*- 300*=  28I0^ 

We  have  the  formula  (12),  p.  211,  for  efGciency, 


1+^4 


in  which      B  =  -i-^^  =  3110  =  ^•^**^^' 


-  0.3410. 
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^= 13  3  4  0  8 

■  J^  =  per  cunt B0.06        bl.S9        81.30        79.81        T6.37        72.58 

The  efilicieiicy  calculated  by  furuiula  (13)  for  A'=16,000  is,  asaboTe, 

Percent 80.83        88.86        83.81        81.14        78.04        74.58 

Diffircoce 0.70  0.90  1.14  1.88  1.87  8.00 

The  efiiciencj  calculated  for  A'^  14,800,  anthracite,  is 

Percent 79.81        81.47        80.61        7».06        75.28        71.15 

DiflerenM -0.25      -0.43       -0,00       -0.73       -1.0»      -1.4S 

ShowinfT  that  bat  little  higher  effiuienc)-  can  theoretically  Ire  obtained 
from  aemi-bituniinous  coal  of  a  heating  yalao  of  15,850  B.T.U.  per  lb. 
of  conihuRtible,  even  iwBiiniiiig  perfect  eombiintion  and  neglecting  the 
loas  due  to  suporheatei)  steam,  than  from  dry  anthracite  of  a  heating 
value  of  14,S00  H.T.l*.  With  biluminoua  coals  higher  in  hydrogen, 
oxygen,  and  moisture  tlian  the  semi-bitumiuouti  Htill  lower  efllieieucies 
ore  obtainable. 

Let  ua  calculate  the  loss  of  cllicieney  due  to  superheated  ateam  in 
the  chininey-g!i9b8. 

The  coal  contains  4.26^  H  and  the  combustible  4.50;t.  This 
would  make  0  x  450  =  41.31  lbs.  of  U,0  for  each  100  lbs.  of  com- 
bustible. The  water  in  the  coal.  0.76^,  or  (}.8-;<  of  the  combustible, 
adds  0.S3  lbs.  11,0  to  the  gaises,  making  a  total  of  42.13  lbs.  of  auper- 
heated  steam,  or  0.4213  lbs.  for  each  {wund  of  combustible. 

Each  pound  of  this  steam  Cfirries  away  its  latent  heat  of  evHpora- 
tion  at  212",  or  966  B.T.U. ;  the  heat  rof|uired  to  superheat  it  from 
'i\2^  to  the  temperature  of  the  escaping  chimney-gases;  and  the 
heat  required  to  niise  I  lb.  of  water  front  the  atmospheric  tempera- 
ture to  212°,  or  say  150*.     The  temperature  of  the  escaping  gases.  7*,, 

E '       T  —T 
may  be  calculated  as  follows  :    Formula  (1).  -——^—^ — ',  gives 

3*,  =  (l  — ^  1  y,  •    But  SJ  is  the  evaporation  including  loss  by 

radiation,  or    £"„  +  r  =  .£".  f  1  4.  /?  ^j,   whence 

This  gives  for  W/S  =  1,  T,  =  3ro^  and  for  W/S  ==  8,  7*,  -=  824* 
The  loss  of  hoftt  doe  to  the  superheated  steam  then  is; 


BFrWJBh'CY  OP  THE  nEATISG  SURFACB. 


ad7 


for  W/S  =  \,  .  0.4313  (130  +  966  +0.48  X  370)  =  545  B.T.U.; 
for  W/S  -  8,     0.4213  (150  +  966  +  0.48  X  834)  =  637  B.T.U. 

Tlie  first  result  is  3.44;^,  and  the  second  4.0'^^  of  the  heating 
Tftluti,  15,K.^U  B.T.U.  iHjr  pound  combusLible,  reducing  the  eflj- 
ciency  calculated  by  the  formula  from  80.06  to  76.63,  for  W/S=  I, 
aud  from  72.58  to  {i8.5G  for  fr,,.S=8.  The  efficiencica  thus  re- 
duced are  roapeotivcly  Z.VJ^  aud  '•i.oH^  beluw  the  corrcs)>oudiiig  efll- 
ciencies  for  anthrat-ite. 

The  valnoa  of  ofticicnoy  given  in  the  tables  on  pages  322  and  224 
are  plotted  on  the  diagrams  accouipHuyiug  them,  lu  Fig.  49  there  are 
also  plotted  the  ralues  of  the  highest  results  obtained  at  different  rates 
of  evai>oratiaii  lu  the  Ceulcunial  test^'^t  and,  for  comparison,  some  of 
tlie  lowe&L  results  »t  ilitTurent  rat«H  of  evaporation  in  the  &anie  tesle. 

A  study  of  the  diagrams  leads  to  several  important  conclusions: 

1.  The  results  of  sevcm  Centennial  tests,  /',  L.  li,  JJ,  S,  and  GO, 
vbicli  are  the  highest  reliable  results  ever  obtained  witli  anthriicite 
coal  for  the  rates  of  evaporation  shown,  lie  a  little  below  the  curve  of 
A'  =  O.I,/=20,  a  =  200. 

2.  The  curve  of  /(  =  0. 1 ,  /  =  20,  and  a  =  100  lies  so  much  above 
tlie  curve  of  these  Centennial  tests  as  to  make  the  value  a  =  100  highly 
improbable,  although  tliu  two  tests  by  Uoudley  above  referred  to  give 
0  =  72.6  and  7i;.3  for/=;l0.71  and  32.10.  There  is  no  apparent 
reason  vliy  a  should  be  low  when/  is  liigh,  and  a  possible  explanation 
of  th»  very  low  values  of  a  calculated  from  Hoadley'a  results  has 
already  l>een  given. 

3.  'I'he  effect  of  radiation  on  the  evaporation  is  comparatively 
enudl  for  values  of  R  between  0.05  and  0.2  (which  is  probably  as  high 
a  range  as  is  found  in  pnictine  when  the  boilers  are  well  covered) 
when  the  rate  of  evaporation  is  over  3  lbs.  per  square  foot  of  heating 
surface  i>er  hour,  but  it  increases  rapidly  at  low  rates  of  evajwratiou. 

4.  The  effect  of  variations  of  a  within  the  limits  o!  a  =  JOO  and 
a  =  300  increases  rapidly  with  the  increase  of  rate  of  evaporation; 
but  the  effect  of  increase  of  a  ia  not  nearly  so  important  as  the  effoot 
of  increase  of/. 

5.  The  effect  of  increase  of /*,  vhichisameasureof  the  air-supply  per 
pound  of  combustible,  is  of  extreme  importance,  especially  at  high 
rates  of  driving.  With  ^  =  0. 1  and  a  =  200  the  effect  on  jb\  of  in- 
crease of  /  with  different  valaos  of  W/S  is  shown  in  the  following 
figures: 
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A  valne  otf~  %0,  correspond iiig  to  19  lbs.  of  iiir  snpplied  \\er  ponnd 
of  combustible,  is  about  as  low  us  can  be  obtained  in  practice  witboul 
incomplet«  couibiistton  of  a  part  of  the  fuel,  resulting  in  some  CO  in 
tlie  furnaee-gasea.  Tlie  rapid  decrease  in  economy  as  the  air-supply 
is  increased  sliotrs  how  important  it  is  to  so  reflate  the  thickness  of 
tlie  bed  of  coul,  as  related  to  the  force  of  draft,  us  to  keep  Ibe  supply 
of  air  at  or  near  If)  Ibit.  per  lb.  of  couLbustible. 

Value  of  c. — ^In  all  the  abovo  nalcnlations  we  have  taken  c,  the 
specific  beat  of  the  flue-gjiaes.  aa  constant,  —  0.24.  The  actual  8|jecific 
heat  of  a  mixed  gas  is  found  by  uiultijilying  the  percentage  by  weight 
of  each  coustitufut  bv  it«  8])eoitic  heat,  adding  the  products  and  divid- 
ing by  100.  The  siwcillc  heats  of  tbu  conatituentfi  of  fltie-giifiea  are: 
O,  0.2175;  N,  0.iJ438;  CO,  0.2470;  CO,,  0.217.  The  calculated 
s{ieciQc  heat  of  fiue-gases  usually  ranges  between  0.235  and  0.24.  If 
0.235  were  u&ed  instead  of  0.24  in  comptitatiuuii  of  eq.  (13),  the  riv 
sultii  would  I*e  higher  by  about  half  of  one  per  cent.  It  is  probable, 
however,  that  the  tigurpa  for  the  specific  heat  of  the  constituent  ga^cs 
given  above,  which  iire  those  given  in  most  text-books  as  the  s})ecific 
heats  of  gases  at  ordinary  atmosplieric  temperatures,  are  somewhat 
too  low  for  hot  gases.  .  The  figure  0.24  is  therefore  ofi  accurate  a  one 
as  cJin  behjwl  with  our  present  knowledge,  but  the  average  figure,  0.237, 
calculateti  from  ordiunry  compositions  of  funiace-gas  is  frequently  nserl. 

Practical  Conclusious  derived  from  the  above  Theoretical  Sis- 
cusiion. — Many  im|iortant  deductions  may  be  made  from  a  study  of 
the  llgurcs  derived  from  equation  (13)  and  of  the  diagrams  plotted 
therefrom.  It  may  be  well  Crst  to  restate  tlie  notation  of  that 
formula: 

E^  =  lbs.  water  actually  evajmrated  from  and  at  212*  (or  U.E.) 

p«r  lb.  of  combUBtihlc; 
Ep  =  theoretically  (wseible  evaporation  in  U.E.  per  lb.  of  com- 
bustible, =  A'-i-  565. 7; 
B^/Ej.  =  efficiency,  usually  expressed  as  a  percentagn; 

jr=  heating  value  of  the  fnel,  in  B.T.U.  per  lb.  combustible; 
i  =  temperature  of  the  water  in  the  boiler,  minus  the  tenipenu 

ture  of  tlie  air-supply; 
o  =5  6i>ecitic  heat  of  the  gosos,  taken  aa  a  constant  =  0.34; 
/  =  lbs.  of  gaa  per  lb.  of  combustible; 
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R  =  radiation,  in  U.E.  per  6q.  ft.  of  heating  snrface  per  hour; 

W/S  =  rute  of  dnviEg,  U.K.  (wr  hour  per  sq.  ft.  of  heating  surface; 

a  =  an  expcrimontal  coefficient  expressing  the  resistance  of  the 

plutes  and    tubes  of   the  boiler  to  the  transmission  of 

heat,    together  with  certain  losses  of  efficiency  dne  to 

short-circuiting  of  the  gases,  to  eddies  of  cool  gas,  etc. 

The  forumla  Is 

K-tef 

The  first  deduction  from  the  study  already  made  is  that  the  effi- 
ciency of  a  boiler  is  an  exceedingly  viiriablo  quantity,  depending  on 
no  less  than  six  variable  factors,  A',  t,f,  li^  M'/S,  and  a.  Only  one 
of  these  factors,  viz.  a,  is  related  to  the  construction  of  the  boiler  and 
to  the  condition  of  its  heating  surface,  and  this  only  partly,  for  \.o 
some  extent  it  depends  on  the  rate  uf  driving,  since  HhorL-circnlting  of 
the  currents  of  hot  gas  may  bo  influenced  by  the  rate  of  driving.  The 
value  of  R  dc|)eud3  upon  the  effectiveness  of  the  protection  of  the 
boiler  and  furnace  from  loss  by  ratliation.  All  of  tlie  other  factors  are 
functions  of  the  conditions  nnder  which  the  boiler  is  operated. 

The  importance  of  the  factor  a  upon  the  efficiency,  as  Bhnwn  in 
thediagrani  i-'ig.  411,  leads  to  the  conclueiou  that,  so  far  as  possible,  the 
metal  of  Uie  heating  surfaces  should  bo  thin;  they  should  be  kept 
clean  ioaide  and  out;  the  gas-passages  altould  be  so  roTiRtructe<l  that 
tlie  currents  of  hot  gas  will  pjiss  nniformly  over  the  whole  extent  of 
heating  stirfaec,  avoiding  short'Circuiting  and  eddies,  or  tbe  passage 
at  greater  a|K!ed  over  some  portions  than  over  otliers;  the  circnl.ition 
of  water  should  bo  sutlicient  to  wipe  olT  bubbles  of  air  or  steam  as  fast 
as  formed;  and  the  combustion  should  be  complete. 

The  effect  of  A' on  the  efficiency,  as  shown  in  Fig.  .12,  indic^tefl 

that  the  heating  value  of  a  fuel  is  not  exactly  a  nieasure  of  its  practical 

value.     Kor  a  rate  of  driving  W/S  =  3  we  have  found,  with  f  =  20 

andn  =  200: 

For  if  = 18.B00        14.800        16.000 

Km/S^  -  percent 78.45  80.B1  82.34 

if  X  s»/s,  = io.««fl      n.aao      i8.i74 

While  the  butine  values  am  in  lli«  ntio 91.9  100  I08.I 

TIte  practical  valum  nrn  in  ihe  ntio 89.0  100  110.4 

If  coal  of  14.8CK)  B.T.U.  per  lb.  is  worth  «1  per  ton,  coal  of  13,000 

B.T.U.  is  worth,  not  91.9  cents,  but  89.5  cents,  if  the  rate  of  driviug 
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of  the  boiler  is  3  Ibe.  per  sq.  ft.  of  heating  surface  per  "ka^T,  and  still 
less  if  the  rate  is  greater.* 

The  effect  of  the  rate  of  drivitig,  W /S,  shown  in  the  diagrams, 
indicates  that  for  pructically  all  values  of  the  other  variablos  the 
evaporation  and  the  cffioiencv  are  u  maximum  when  the  rate  uf  driving 
is  about  3  lbs.  evaporation  per  sq.  ft.  of  heating  surface  {>er  hitnr;  but 
that  under  fairly  good  condltioDfi,  as  when  /  =  '.!0.  a  —  2UU,  the 
efticiencv  i^  hut  elightly  less  at  3  lbs.  If  3000  lbs.  of  water  per  hour 
are  to  bo  evaporated,  a  boiler  of  1000  sq.  ft.  of  heating  surface  will  be 
almost  as  ecouomical  of  fuel  as  oue  of  1500  sq.  ft.,  provided  the 
boiler  is  well  constrnctcnl,  so  that  a  may  be  SOO  or  less,  the  coal  is  of 
good  quality,  say  A'  =  H,800,  and  tlie  management  of  the  tire  and 
draft  good,  so  that/  =  about  30;  but  if  these  couditions  are  unfavor- 
able^  then  the  boiler  of  1500  sq.  ft.  may  be  much  more  economical 
tlian  one  of  1000  sq.  ft.  When  good  operating  renditions  are  obtain- 
able the  small  saving  in  fuel  by  the  larger  boiler  will  probably  be  more 
than  offset  by  it£  greater  cost,  so  that  practically  boilers  pro< 
portioned  for  a  rate  of  driving  of  'i  lbs.  per  sq.  ft.  of  heating  surface 
per  hour  will  give  about  the  maximum  economy  of  all  costs,  including 
interest  on  investment,  depreciation,  etc.  When  fuel  is  of  very  low 
cost,  as  near  a  coal-mine,  or  wlien  a  boiler  is  to  be  run  at  full 
capacity  only  a  few  hours  per  duVt  aa  in  electric-lighting  plants, 
boilers  proportioned  for  a  ronch  higher  rate  of  driving  may  be  the 
muiit  economical  in  total  cost. 

The  effect  of  A*  on  evaporation  is  seen  to  be  very  slight  at  all  rates 
of  driving  above  2  Ilw.,  but  it  increases  rapidly  at  lower  rates.  When 
the  rate  is  below  t^  lbs.,  and  there  are  two  btiilera  in  a  plant,  it  will 
usually  pay  to  shutdown  oue  of  them,  driving  the  otberata  3-lb.  rate, 
thereby  saving  half  of  the  loss  due  to  radiation. 

Tlie  effect  of  high  values  of/,  or  excessive  air-supply,  is  seen  to  be 
more  important  than  that  of  any  other  of  the  variable  factors  in  the 
equation.  It  is  therefore  of  the  utmost  importance  to  so  regulate  the 
draft  and  the  firing  that  the  air-supply  shall  be  no  more  than  suRicient 
to  maintain  complete  combustion.  A  very  high  furnace  temperature 
is  the  invariable  indication  of  the  best  furnace  conditions,  and  ereTT* 
effort  should  be  made  to  seoure  and  maintain  this  high  temporatnre. 

•  The  CilcuUtioii  (s  bufrd  on  /  -  20  in  e«cli  cane.  The  «o»l  of  If  =  18.fi00 
would  bo  high  Id  oxvf^Q  ind  water,  itid  with  Uf  might  he  \e»a  lliao  20  witUoui 
cKDHinj;  CU  In  tli«  gmea.  A  lower  value  of /would  cause  ibe  alBcienc^  t«  be 
higher  ihui  the  flgura  ^ven  Id  the  t«ble. 


The  effect  uf  tlie  tcniperuturo  oE  the  wiiter  iu  tlio  boUer  upon  the 
efficioDcy  ia  not  importaul  witliia  the  limito  of  ordtuury  steam-boiler 
practict;:  but  a  gaiu  of  abont  8  per  cent  in  the  eviiporation,  wbon  the 
rate  of  driving  is  about  3  lbs.  per  sq.  ft.  of  heiiting  surface  per  hour, 
might  be  elTcctcd  if  it  vere  possible  to  have  the  WHter  in  tbo  boiler  of 
a  temperttlure  aa  low  iis  21'^°  F.  Boilor-te6t«  have  svnifliinL'S  hvcn 
made  with  the  water  evapuruted  at  atmospheric  prcHsiire.  Kei'onis  of 
cQiciency  obtainei)  in  such  tests  are  Bot  a  fair  measure  of  the  ctticicnc; 
which  wouhi  be  obtained  nt  cuijtomary  steom-pressures.  'J'he  Ceuteu- 
nial  te^U  were  made  witli  steam  uf  TO  lbs.  gauge  prc»<ure,  correspond* 
iDg  to  ^  ■=  about  ibtt".  If  they  had  been  madevritli  steam  of  140  lbs., 
the  eva(>oriitiou  per  lb.  of  combustible  would  probably  have  been 
0.25  lb.  less  in  tJioae  tests  wliicb  gave  the  highest  results,  retlucing 
tlieir  record  of  ubout  12  lbs.  from  and  at  213'*  per  lb.  combustible  to 
about  11. <5  lbs. 

Jt'esiiUs  cvrreupvnding  tof  =  SO  and  a  =  £00,  and  an  efficiency  of 
SO  per  cent  are  ecarctly  possiUe.  The  highcet  results  obtained  in  the 
Centennial  tei^ts  are  shown  on  tlie  jOntted  dia^'niui,  and  no  higher 
results  will]  anthracite  have  ever  lieen  obtaineii  in  competitive  tests 
made  by  d  lain  teres  teil  experts  since  1876:  all  fall  below  80!<  efficieucy, 
and  considerably  below  the  plotted  line  of  f  —  2(t,  a~  '.JOO,  and  t  = 
250**.  It  is  i>08«iblc  to  obtain  a  value  of  «  as  Jow  as  SOO  iu  a  builur  so 
designed  and  propurtivned  as  to  avoid  all  short-circuiting  of  the  gases, 
and  it  is  alw)  popsible  to  obtain  nearly  perfect  eonibustion  with  /as  low 
as  20  lbs.  per  lb.  of  combuntiblc,  but  it  is  ditticnlt  to  have  boih/iiud  a 
at  these  low  values  at  the  same  time.  Boilers  must  be  designed  wilh 
flues  or  other  gafl-pas?age?i  of  ample  area  to  insure  against  choking  of 
the  draft,  and  to  allow  of  the  boiler  being  driven  beyond  its  normal 
rating,  but  large  gas^paasages  are  apt  to  lead  to  more  or  less  short- 
circntting,  hence  to  inefficiency  of  some  portious  of  the  heating  sur- 
face, corresponding  to  high  values  of  (i.  The  line  on  thediagrum/^ 
SO,  a  =  SOO,  must  therefore  be  considered  as  one  which  may  some- 
times, under  tbo  most  favorable  conditions,  be  nearly  but  never  quite 
rejiclied,  and  an  efficiency  of  80  per  cent  as  a  little  beyond  the  best  result 
that  maybe  reached  in  practice.  With  semi-bituminous  and  bitnminous 
coal  I  here  is  a  necessary  loss  of  efficiency  due  to  the  hydrogen  in  thecoid, 
and  the  consequent  loss  nf  heat  in  superheated  sieimi  in  the  chiuiuey- 
gnsee.  This  loss  is  rarely  less  than  3%.  We  may  therefore  conclude 
that  about  79^  i«  the  highest  efficiency  that  can  be  readied  in  practice 
with  anthracite  coul  and  76.i  with  bituniLTinus  or  semi-bituminous. 


Much  higher  fi^ires  than  these  are  Rometimes  published,  but  Uiey 
arc  dnc  either  to  errors  in  ilic  boiler-test  or  to  too  low  tigurca  for  the 
heutiu^  value  of  the  coal. 

The  theoretical  values  of  eflicieucy  given  in  the  foregoing  tabled 
and  plotted  on  the  dmgranis  arc  all  based  on  the  supposition  that  tho 
combustion  is  perfect  and  that  the  tiir-gnppiy  and  the  fniTiace  temper- 
ature «re  constant.  It  is  impoasible  to  realize  these  conditions  with 
liand-liring,  since  the  opening  of  tlie  fire-door  and  the  firing  of  fresh 
coal  always  rliill  the  furnace.  The  fresh  coal,  if  small  in  size,  checks 
thu  air-supply  to  some  cxteut  and  tends  to  make  the  conihustion  im- 
perfect for  u  abort  time  after  it  is  fired.  After  the  fresh  coal  has  been 
partly  bnnied  away  tlio  air-8np]dy  is  apt  to  be  excessive.  A]]  these 
causes  tend  to  muke  tho  efficiency  less  than  that  given  by  tho  theoret* 
ical  cidcuhition.  With  antomatic  stokers,  however,  it  is  possible  to 
obtain  greater  nniformity  of  conditions^  and  consequently  a  closer  a|»- 
proxiniatioii  to  the  tlicorctioal  efliciencie«. 

Low  Temperatare  of  Farnace  may  came  High  Flue  Temperature. 
— With  high  rates  of  driving  and  excessive  supply  of  air  per  poiuid  of 
fuel  a  large  proportion  of  the  heating  value  of  the  fuel  is  used  in  heating 
air  which  is  curried  into  the  chimney  instead  of  in  generating  steam. 
Excessive  air-supply  causes  not  only  a  low  temperature  of  the  furnace, 
but  it  may  also  c«uao  a  high  temperature  of  tlie  chininey-gases,  as  is 
shown  by  the  following  calcuhttion:  Take  from  the  above  tables  th« 
case  of  A'  =  14,800,  c  =  0.24,  t  =  300,  a  =  200.  and  W/S  =  6,  with 
four  different  values  of/,  viz., 

/= 90  30  80  85 

&  Si  lbs n.HM        9.9X5        T.950        S  608 

EfflcJenejf,  ft/*,  =  peroftnt 7.V28        6-1,71         GI.89        86.80 

Blvv.  of  lemti.  of  flw,  T,  =  fi" -i-  c^  =  8068'        Z4Rr        2056»        I7«8 

We  have ^=  -^ — ?,  whence  Hue  temperature  7;  =  y.fl-p-], 

but  EJ  is  what  the  evaiwration  would  be  if  there  were  no  radiation. 
It  differs  from  E^  ihe  actual  evapomtion,  by  the  quantity 

"•"If  ^  sn 

We  have,  therefore, 

K^'-Bp- 0.193  O.I7."S  0  IS3  O.OM 

B^'             = 11.726  1O.09II  8083  .•i.709 

«i* -H  Bi.  =  |M>r  eent ..,.  76.M  ftV27  52.76  87.29 

r.  =!  r,(l  -  K,'/K,)^ 7X8'  837'  971'  1105* 
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Tlie  calculation  assumeB  that  there  are  no  air-leaks  through  the 
setting  between  the  furnace  and  chimiiej  which  would  lower  the 
t«>nipeniture  of  the  chimney-giwes  and  decrease  the  efficiency. 

At  low  rates  of  driving,  excessire  air-supply  does  not  cause  so 

great  a  rise  iu  the  flue  temtHirature;  tliua  for  W/JS  —  2,  and  other 

conditions  as  ahove,  we  have: 

tor/          = 20               23               30  35 

a;              = 12.4«a  11.710  I0N28  9.808 

ft  -»-&=  percent SI  47          IfJ.iS          70  64  64.08 

Tt               = iW«3'  2467*  20M*  1783* 

AV  -  &  = «-&«0          U..^80         0459  0.378 

Ba'             ~ iy-07a  12.240  11.282  10.184 

«»* -J- &  =  per  cent «5.8i          7«  »9          78,64  66.47 

r,  =.... 453'         \w         HV         :m* 

Eelatiou  of  Furnace  Temperatare  to  Extent  of  Heating  Surface 

W 
required  for  good  Economy. — l-'rom  the  formnlse  EJ  =  ^^j,  —  A-^, 

B  —  'y  ,  and  A  =  rp  _  .^  it  is  evident  that  the  actual  evapora- 
tion per  pound  or  fuel,  for  a  given  rate  of  driving  W/S,  depends  on 
tlie  funiat-u  teni{>crature  T.  This  temperature  depends  not  only  on 
the  quantity  of  air  supplied  t>er  pound  of  fuel,  hut  uluo  on  the  thor- 
oughuL'Sii  of  the  combustion  effected  by  it,  as  well  as  on  the  dryness  of 
the  coal  and  air  and  on  the  amount  of  direct  radiation.  An  air-supply 
of  19  lbs.  per  lb.  of  carbon,  makin;;  neitrly  30  Ibe.  of  gas,  will  usually 
produce  the  niaximutn  teuii>crature.  a  lesser  supply  tending  to  make  the 
comhuHtion  imperfwt,  and  a  greater  causing  excessive  dilution  of  the 
gasc?.  both  of  which  diminish  the  temperature.  With  the  proper 
supply  of  air,  however,  combustion  may  still  be  imperfect  and  the 
temperature  low,  on  account  of  imperfect  mixing  of  the  air  with  the 
gas  distilled  from  the  noal.  irregular  firing,  too  small  space  for  com- 
bustion in  the  furnace,  or  other  OAtiaes. 

1.  Consider  a  case  in  wliicb  combustion  is  perfect,  with  £^  =  15, 
T,  =  3000*.  /  =  300,  a  =  200,  c  =  0.24,  /  =  30,  W'/S  =  3,  and 
radiation  negligible. 

T,  -  t      3000  -  300  _  ^  - 

^  =  —fT  " 3000^  -  ^•^' 

acf     _  200  X  0.24  X  20  __ 
A  =  -yr-£^  =  ^^ =  0.356; 

E^'  -  BE^  -  A^=  0.9  X  15  -  0.356  X  3  =  12.432. 

2.  With  other  conditions  the  same  as  above  let  T,  —  2000",  being 
reduced  by  imperfect  combustion.     Then 


• 


whence  W*/S  =  0.320  -  0.563  =  0.56«. 

This  meant!  that  m  order  to  obtain  the  samo  capacity  and  the  same 
economy  combitictl  from  a  boiler  with  a  furnace  temperature  of  2000" 
as  can  be  obtuiued  witli  3000°,  under  tlie  nonditionR  named,  it  wonld 
be  necessary  to  iucrease  the  heating  Burface  iu  the  ratio  of  3  to  0,566» 
or  over  tive  times.  Tho  case  is  still  worse  if  radiiUion  is  taken  into 
account,  for  tlie  loss  by  radiation  per  pound  of  fuel  burned  is  much 
greater  at  very  low  than  at  moderate  rates  of  driving.  Let  r  =  loss 
by  mdiatioUf  iu  unite  of  evaporation  per  pound  of  fne]»  then  E^   —  r 

W 

=  BBp  —  A-g~.     li  r  in  the  last  case  =  0.32,  then  B^*  =  12.43  -f  32 

W 
=  13.76  —  0.665-^,  whence  H  '/'■>'  —  0;    that  is,  the  OTaporatiou 

{including  radiatioti)  of  12.43  U.E.  per  lb.  fuel  could  not  be  reached 
by  any  enlargement  of  heating  surfuce  whatever  if  the  furnace  tcm- 
jterature  were  as  low  us  2000°. 

4.  Suppose  the  furnace  temperature  is  rctluced  not  by  imperfect 
combustion  but  by  excessive  air-supply.  Let  /  =  30  Iba.  and  T  ^ 
200O*. 

z>       n  ofc      u  *          A          ^f           200  X  34  X  30        .  Q.^ 
B  =  0.86  aa  before;  -^  =  y.  £  ^  = "TtoO ~  ' 

E^  =  0.8B  X  15  -  0.847  X  3  =  10.21  for  W'/S  =  8. 

5.  With  /  =  30,  TOcjuircd  W/S  to  make  Bp  ~  12.43. 

12.43  =  0.85  X  15  -  0.847  W*/S; 
jr/S=  (12.76  -  12.43)  -{-  0.847  =  0.37. 

a  figure  which  wonld  probably  be  reduced  to  0  by  radiation. 

Examples  3  and  5  sliow  that  high  fnrnaoo  temperature  is  even  a 
more  important  factor  of  economy  than  extent  of  heating  surface. 


BFPWIESCY  OF  THE  HEATING  SURFACE. 


A.  Blechyuden's  ExperimenU  on  Trauuniiaion  of  Heat  tltrougb 
plates  from  hot  gaaee  on  one  side,  to  water  on  the  other.*  lu  these 
experimenta  the  irater  was  contained  in  a  cjlJiidrical  iron  vessel  of 
tii)iie«)  iron  plate,  'J4  W.  H.  in  thickness,  with  the  Btcei  plate  to  be 
tested  soldered  in  the  bottom.  The  vefisel.  protected  from  radiation 
by  air-apacfs  and  usbesto^ti  felt,  was  placed  above  u  tire-brick  fiirnace, 
the  lower  half  of  whi^'li  was  lilleil  with  aabestoti  lumps  or  balls,  covered 
with  wire  gauze.  Jets  of  gas  were  bnmed  among  these  balls,  gener- 
ating a  liigh  tempcrattiro  in  the  products  of  combustion  in  Uie  upper 
part  of  the  farnuce.  The  hot  gases  weix*  allowed  to  escape  through 
four  small  horizontal  pipes  at  the  top  of  the  furnace,  on  four  sides,  so 
that  the  plate  was  ex{>osed  on  its  bottom  surface  to  hot  gas  at  a  prac- 
tically uniform  temporatun?. 

Kxperimcnts  were  made  on  fire  plates  of  different  thtcknesseB,  viz., 
plate  A.  originally  1.1875  in.  thick,  and  reduced  iu  four  successive 
opt^rations,  by  machining,  to  0.  lt;5  in.  thick;  plate  H,  four  thick- 
ueeses.  from  0.4fii*H  in.  thick  to0.l5ti2  in.  thick;  plate  C,  0.8VZ5  in.; 
plate  D,  0.5  in.;  plate  E.  1.1875  in.,  and  0.1875  in.  Plates  A,  B 
and  D  hiul  one  sidu  machined,  and  the  other  side  (that  exposed  to  the 
firp)  left  with  rhe  natural  surface,  as  it  came  from  the  mill.  Plate  C 
hatl  both  sides  untouched,  and  plato  E  both  sides  machined. 

The  temperature  of  the  fnrnace  was  determined  by  a  Siemens 
copper-ball  pyrometer.  In  some  case«  an  iron  ball  was  used  instead. 
The  specific  heat*  of  both  were  compared  with  that  of  a  i>iece  of  plati- 
num, and  the  temperatures  recorded  depend  upon  Pouilk'tVdetermin- 
atiou  of  the  specific  heat  of  platinnm,  as  in  the  following  table: 


TMtip   C. 

Tuup.  P. 

PlAtlntmi. 
Bp.  Ht.  (PoiitllM). 

Iron. 
8p.  Ht. 

ropprr, 
Bp.  Hi. 

Between  0  had    100 

82  and    212 

0.08S5 

O.IO&S 

o.oodi 

0    ■•      300 

83    "      572 

.0848 

.118S 

.0997 

0    "      WO 

32    ■'      832 

.0862 

.ia7« 

.I0»3 

0    "      700 

82    "    1293 

.OS0O 

.1874 

.1088 

0    "    1000 

82  ■•   iftaa 

.0378 

•  . . .  • 

molta. 

0    ■■    1800 

82  •■  8i«a 

.0983 

The  following  results  were  obtaine(l  in  the  experiments:  T~/ 
being  the  difTorence  between  the  temperature  F,  of  the  gas  below  the 
plat*i  and  tlio  water  above  it,  fj,  the  quantity  of  heat  transmitted 
in  Uritish  t'hermal  units  per  hour  i»er  square  foot,  and  a,  coefficient  of 
transmission  ca1oulate<I  from  the  formnla 


^ 


■  I'lnii't.    luAt.   NbtaI    ArcbitacU,    1894;  Also  Doukla's  "Ueat  Efflcienc>-  of 
Btcam- boilers,"  p.  14d. 


■ 

1 

1 

^^H 

1 

■ 

■ 

1            23 

0 

STEAM-nOlLBR  ECONOMY. 

^ 

^^^1 

k 

■ 

a  =  ^ '—,    or     a=  ^ ^ 

a                                    q 

Plate  A,  1.1876  in.  tuick. 

1 

V 

^B 

8  = 
a  s 

848             993          1,018 

1.318 
3.740 

04.7 

1,338 

34.480 

01.6 

1,878 

30.700 

01.0 

10,8(j0        14.700        tS,480        S 

Plate  A.  0.76  is.  thick. 

^B.       ^' 

5^ 

1,058 

0.280 

55.3 

1.383 
37.120 

66.1 

5T.a            5(1.9            B6.9 

Plate  A.  0.562  vs.  thick. 

1              ^" 

a  s 

1.148 

-9  520 

44.0 

1 

6,720        10,200         19,440        2 

Plate  A.  0.26  in.  thick. 

r     T- 

-  r  = 

a  = 

508             ft46             723 

828 

6.420 

44.5 

893 

18.480 

44.2 

B78             1 

23.630              1 

43.3             J 

6.940          9,240        11,880        1 

42.6            45.2            44  0 

Pl^TE  A.    0.126  IS.  THICK. 

T- 

788 
12.1(10 

44.7 

908           WA         1,0H3         1.123 

18.840      24  000      27,600       80,600 

48.7          41.1           42.5          41.3 

Plate  B,  0.4687  m.  thick. 

1.183 

30.900 

41.0 

1.138 

ai.sso 

41.8 

1,318             1 

45,130              1 

38.5            J 

r- 

9  = 

a  = 

418 

4,360 
89.» 

688            643            998         1.0 <6 

9,180         9,360       28,5V*0       W.iiOO 

44.8          44.2          41.9          41.4 

Plate  B,  0  375  ik.  tricx. 

1.128 

80,420 
41.1 

1.138 

80.840 

41.3 

1.148      ^\ 

81 .930             1 
41.8             I 

r- 

7  = 

A  = 

050 

9.S40 

44.8 

066            9!S8            968         1.108 

10.880       23.740       22.860       80,420 

41.4          409          48.3          41.0 

PWTK  B,   O.SB  IS.  THICK. 

1,288 

41.460 

400 

1.806 

48.140 

89.7 

1 

• 

9  = 

a  ■= 

378 

8. 1193 

38.7 

513         778         823         848         855 

6.S60    14,:0lt    17.230     18.310     10.(>aO 

40.1        407        89.3        39.8        38.4 

Plate  B,  0  156  in.  tdick. 

1.108 

31.380 

39.1 

1,138 

83.150 

38.4 

1.308            1 

43,800            1 

B6.7             1 

L 

-  ( - 

9  = 
a  = 

S43 

7.W0 

89.0 

788          978        1.058        1.128 

18.560       24.660       38.920       32,880 

40  2          38  4          38  7           38.3 

1.248 

48.880 
38.2 

1.308 

43.120 

87.4 

J 
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■^^^^ 

PUITE  C.  0.»13B 

IN.  THICK. 

T~t=     852 

768            778            778 

778 

848 

V=  7.740 

10,860       11.400       ]  0.440 

11.160 

12.480 

a=    M.» 

53.6          S3. 4          58.0 
Plate  0,  0.5  is 

54.3 
.  TBICK. 

57.6 

T^tsn      43» 

755            738            744 

768 

847 

879 

910 

9-  4,3«0 

18.300       13.080       13,500 

18,S80 

i6.aoo 

18.730 

30,400 

a=    45.2 

43.3          41.0          40  8 
PlATB  E,  1.1875 

42.3 
IW.   TttlCK. 

44.3 

41.3 

40.6 

r-(=      801 

440            644         1,073 

9=  1,440 

3.760         a.23(*       16.140 

a  =    63.B 

70,0         79.4          71.8 
Plate  E.  0  1875 

in.  THICK. 

r-<=      822 

569           743         1.128 

fi=  1.960 

O.OOO       I0.S30       24.000 

a=    53.4 

S3.1           53  5          51.1 

AVBItAOB  VALuae  OF  THE  COEmCIKHT  «. 

PUte  A.  TblokoeM      1.167S  !d.        0.76  iu. 

0.5635  Id 

0.35 

in. 

0.135  Itu 

a  =      (M.S              56.5 

47.1 

43.8 

41.9 

Pble  B.  Tblckiieiw      0,46»7            0.375 

0.25 

0.156 

a=     41.a              41.4 

M.O 

38.6 

PUt«  C.  TliickntiBS     a8135 

a=     65.1 

PiNte  D.  ThiekDtm           0.5 

a=      43.4 

P|ftl«  F.  TLicknrm      1.1875           0.187S 

a-      71.9               53.8 

Mr.  Blechviiden  wyB:  "  The  broad  general  fact  le  evident  that  the 
heat  transmittml  through  any  of  the  plut«8  {icr  degree  o(  difference  of 
t4>mpcraiure  of  the  wat«r  and  the  fire  is  proportionalto  that  difference; 
or  in  other  words,  the  heal  transmitted  is  proportional  to  the  fi4|uareof 
the  difference  l)etween  the  temperatnro  at  the  twosides  of  the  plate,  or 

Heat  tnujsmitted  per  bo.  ft. 

,T^.„  ,      ■- r — ii  ~  *  constant 

(Uiuercnce  of  temperature) 

for  each  plate  within  the  limits  of  the  experiments. *' 

Mr.  Blcchynden  gitoB  this  con8tant>or  modulus,  for  each  plate.  U 
is  the  reciprocal  of  the  cotflicient  a,  which  hsis  heon  calculated  hy  the 
author  from  tho  averajre  rcsnlta,  for  the  pnrposeof  comjmriuK  it  with 
the  similar  L-oeflicient  used  hy  I{iiukine  and  othcni,  and  adopted  in  the 
preceding  diecnssiou  on  the  efllicieDcy  of  heating  surface. 
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^^F           31r.  Blechyndcu  further  savs :  ' '  The  table  shows  that  there  is  a  gen- 
eral riao  in  the  value  of  the  moduli  [a  decrease  of  aj  with  decrease  of 
thickticas,  but  there  are  couuiderable  irregularities  in  the  curves  join- 
ing the  various  poiuu  for  each  plate.     ThiG  va  perhaps  no  more  than 
might  be  expected,  because  of  the  great  difficulty  of  machining  all  Uie 
surfaces  to  the  same  ilegree  of  smoothness,  and  notwithstanding   the 
precautions  takcu,  the  ditliculty  of  uiuiutaiuiug  the  surfaces  uniform- 
ly clean.     It  was  found  that  the  very  slightest  traces  of  grease  caused 
a  very  large  fall  in  the  rat«  of  transmission;  oven  wiping  the  surface     h 
of  the  plate  with  a  piece  of  rag  or  waste  was  sutticieut  to  iuflaonce  the     ^H 
reiiult  (letrimQiilally.     That  the  smoothness  of  the  surfaces  was  an  im- 
portant factor  will  be  readily  seeu  when  the  position  of  the  ]>oiuts  for 
the  plate  K  ate  compared  with  the  others.     The  differonces  arc  due  to 
A  and  li  having  the  receiving  surface  as  from  the  mill,  while  £  was 
very  smoothly  machined. 

"The  results  of  these  cxpcrimonts certainly  point  to  the  conclusioa 
tlmt  the  thinner  the  plates  forming  part  of  the  lieatiug  surface  of  a 

boiler  tlie  higlier  should 

^      be  the  boiler  eftif^iency, 

U" 

." 

phileuj  are  clean,  but  it 

.i^>' 

.  h- 

f" 

will   be  evident  that  if 

,t.-. 

the  plates  be  coated  with 

'''     ,' 

pY 

some     bad     conductor. 

V 

a^*'''^-- 

..' 

then  the   less  must  be 

r-;:,. 

uol--^' 

D 

the  iuiluonre  of  the 

r' 

ciency. while  witli  a  thick 

mission  n 
of  the  tw( 
temperati 
The  a 
experimoi 
will  bo  se« 
Plates  A 

026             0»              075              LjOO 
ThkKncM  of  Plnte,  inrtus. 

— VaLITES  op  a.    KKOM   BiJUJIIVNDBI 

KxraitiMENTM. 

proportional  to  the  square  of  t 
)  sides  of  the  plate  shows  the 
ires." 

venige  values  of  the  coefficient  a 
Its  have  been  plotted  in  the  adj 
n  that  each  plate  has  a  Ian*  of  ra 
iind  C  have  about  the  average  va 

"^   coat  of  oil  the  influence 
might    become    practi- 

*'*     cally  unimportant.  The 
fact  that  the  heat  trans- 

ae  difTereuco  of  temperature 

importance  of  high  furnace 

obtained  from  Blechynden's 
lining  diagram.  Fig.  53,     U 
te  of  transmission  of  its  own, 
Juea  for  the  different  thick-            , 

npsses,  and  a  line  plottoil  from  the  fnrmnla  a  =  40  -^20  iis  near  to  all 
the  values  obtained  from  plato  A.  The  formula  a  =  40  4-  30/  ±  10 
covers  the  whole  range  of  the  experiments. 

The  very  low  yalues  of  a  deduced  from  Blechyndon's  experimeuta, 
viz...  38.6  to  71.9,  ua  compared  with  Ihe  viUued  200  Lo  400,  coiiintouly 
obtained  in  ateuni-boiler  ti^ta,  iiru  no  doubt  due  to  the  exceptionally 
favorable  conditions  under  which  his  experiments  were  made,  all  por- 
tions of  the  plute  being  clean  and  eqaally  exposed  to  radiation  and  to 
coDtuct  with  the  Lot  ga^es,  while  in  steam-boilers  only  a  gmoll  fraction 
of  the  heating  surface  receives  radiation  from  the  incandescent  fuel  or 
from  glowing  lire-brick,  the  surface  is  apt  to  bo  more  or  less  covered 
with  soot^  dust,  scidu,  or  grease,  and  the  whole  heating  surface  is  not 
equally  effective,  part  of  it  being  short-circuited  and  in  contact  with 
eddies  of  compamtively  cool  gas. 

Durston's  Experiments  on  the  Trantmiuioa  of  Heat  through 
Plates.*— A.  J.  Dursion  destirilx-s  some  experiments  maije  to  deter- 
mine the  tem|H.Tuturo  of  the  hot  side  of  a  plate,  exposed  to  hot  gjtses, 
when  the  other  side  was  covered  with  boiling  water.  The  t^>mpera- 
ture  was  determined  by  the  melting  of  fasible  soUlera  on  the  hot  side 
of  tlie  plate.    The  following  is  a  summary  of  the  results: 

1.  Temperature  of  hot  side  of  kcImui  plntc  cxpjsed  logseen at  about 

IWKTK »lwata40"P. 

5.  Satiif  vrii))  A  la<reruf  gma^e  ^  in.  thick  over  Inside  of  vesfltil,..       *'      390* 

8.  Teiu[iemure  at  tLe  centre  uf  lliicko«es  of  a  pUte between  290'  and  8U6" 

4.  Lobs  of  efficiency  of  lieatiog  surface  of  twUer'tabeH  due  to  a  tbio 

ooaiiogofgreaae,  8tulS  perceDi ;  mean  of  Mvuml  experiment*, 
11*. 

6.  Tetnperatnre  of  Imt  mi]u  of  platen  where  boillnff  water  Id  an  open 

tmspI  under  varioim  eaDditUuu;  a  tiuugtKl  diiili  3  ft.  diameter, 
2i  In.  deep,  k  >"•  ^^><^  ^ 

Teninnnitare  Tndd,  Bot 

of  Fin.  Ode  or  Flat*, 

Clean  freeb  water SaOO*  280* 

Mineral  oil  ^radnallr  added  np  to  M 3300*  810" 

Fn»h  water  witb2if  of  parafiine. SlOO*  330' 

Fresli  wat«r  wiib  ^%  of  mctLTlated  splriu. . .      SAOO*  300* 

A  grtmKj  deposit  ^i.  In.  tbick  on  the  plate. . . .      2500"       aboat  iSff 

Other    experiments     with    frreujr    depodu 

■bowed  that  the  leinperature  raried   graattj, 

d«|ieiidinfi;  nn   the   nature    and    ibkknew   of 

I  he  depcaiL 

*(Trann.  loel.  Naval  Arcbllecta,  1B98,  also  Dookln,  "Heat  Efflcieae;  of 
Steam -bollerB,"  p.  1S7.) 
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&  Tempvtmlun  of  plates  vheo  boiling  wster  in  a  dooed  Teasel  at  a 

bl(;litft  tempcraturo  tliao  'iW  ;  M^Xng  cIcaii  water; 

TerriiJ.  Hut  Tmnp.  ot 

8hl«  of  Plate.  Wabnr. 

368* 

844.6* 


Orvr  Bunaea  bonier 430' 

Do.    blast  for^,  full  blast..        430° 
7.  Satue,  bottom  of  vcsml  coated  with  greaso  : 
Ovur  rorg(t-fir«.  ipvase  ^  in. 

iltick 

Over  greaaa  drier,  or  earUilur 

Do.  and  apreadiugtlie  grease 

up  tbs  siddt  of  tlifl  vesaol . . 


510* 
550" 


861' 
80' 


tUffttenooL 

«7" 
B5.5* 


101' 
IM' 


687 


8.  Experijnenta  to  detcnnino  whetLer  at  higher  fltoam-pn-siuree  tbere  is  ajiy 
marked  addiiiuo  to  tbo  csol-w  uf  u^fuperatiir«  of  the  hot  iide  of  the  plat« 
over  that  of  tb«  water  abowcd  no  marked  addition. 

Effect  of  Circulation  npon  Economy. — lu  the  above  discnssions 
coiiccruiiig  Ibo  auverul  couditioiis  which  have  an  in6nence  on  the 
economy  of  a  steani-boiler,  nothing  haa  been  said  of  the  effect  of  cir- 
culation of  the  water.  It  is  cotitonded  by  sotno  writers  that  some 
boilers  have  a  more  active  circulation  of  water  than  others,  and  that 
the  transmission  of  heat,  atiii  therefore  the  eifloiency  of  the  heating 
enrface,  in  greater  tliemure  rapid  the  circulation;  but  the  author  is  not 
aware  that  this  view  is  snpported  by  the  results  of  trials  of  steam- 
boilers.  It  is  well  known  that  a  steam -radiator  ut<ed  for  heating  air 
traustuita  a  vastly  greater  quantity  of  heat  when  the  air  is  blown  upon 
it  by  a  fan  than  when  the  air  surrounding  it  is  comparatively  still — 
that  is,  merely  moving  upward  at  the  velocity  of  the  ascending  column 
of  heated  air;  also  chat  a  coil  nsed  for  heating  water  is  more  effective 
when  the  water  is  given  a  rapid  motion;  the  reason  heing  that  the 
rapid  circulation  of  tlie  air,  or  water,  constantly  removes  from  the 
heating  surface  the  heated  body  and  replaces  it  with  a  cool  one,  and 
the  rate  of  transmission  increases  approximately  as  the  square  of  the 
difference  of  temperature  on  the  inside  and  outride  of  the  coil.  The 
oaae  is  entireh  different  with  steam-boilers.  There  is  in  all  modem 
forms  of  boilers  a  rapidity  of  circalation  snfflcient  to  keep  all  the 
water  surrounding  the  heating  surfaces  at  nearly  the  temperature  of 
the  steam,  so  that  the  difference  of  temperature  on  the  two  sides  of  a 
squuro  foot  of  heating  snrface,  with  uniform  furnace  conditions,  re- 
mains practically  constant. 

If  there  should  bo  a  film  of  steam,  or  a  "steam-pocket,"  on  one 
Bide  of  the  inrfaco,  keeping  the  water  from  wotting  it,  the  transmis- 
ftioa  of  beat  would  be  greatly  diminished,  so  that  there  might  even  be 


danger  of  the  plate  becoming  orerheated;  but  this  condition  is  un- 
likely to  ha|)pcii  in  boilers  ot  any  of  the  ordinary  lornis. 

Upon  this  subject  Charles  Whitiug  Bakor  writes  as  follows  :  * 

So  far  as  the  transmiBsioQ  of  heat  upon  the  boitor  is  making  steam 
is  coticcrned;^  tlie  circulation  of  the  water  in  Iwilers  is  of  a  good  deal 
less  conHe'iiceiice  than  bus  ttunietiuiea  been  claimed.  I  do  not  mean 
by  thia  that  it  Is  not  worth  while  to  make  proper  provision  for  circu- 
lation. There  aro  poesibly  some  boilers  worked  with  forced  draft, 
such  as  the  tiibe-p1at«8  of  marine  boilers,  where  it  is  8q  difficult  for 
the  ateam-bubbles  to  get  away  fast  enough  that  wo  have  a  niatss  uf 
foam  instead  of  water  in  contact  with  the  plate.  Under  such  condi- 
tions, of  course,  the  plate  is  bouiicl  to  bo  ncutod;  but  I  know  of  no 
evidence  that  this  ia  any  other  Ihau  a  rare  occurrence,  even  in  boilers 
which  are  pushed  most  severely.  .  .  .  Let  it  be  understood  that  I 
am  referring  to  circulation  only  as  affecting  the  transfer  of  heat  and 
the  consequent  economy  and  capacity  of  the  boiler.  Good  circulation 
is  desirable  to  prevent  unequal  lieating  of  the  boiler,  and  consequent 
slniining,  and  it  may  bo  desirable  in  preventing  deposits  of  scale  and 
mud  in  places  wltere  they  are  least  desirable;  but  that  it  has  any  ap- 
preciable effect  on  economy  and  capacity  is  not  proved,  and  probably 
cannot  be. 

Dr.  Charles  E,  Emery,  in  a  discussion  on  "Tubulons  Boilers," 
says  :  f 

Our  original  conception  of  "convoction"  or  "circulation"  is  ex- 
emplified in  all  boilers  of  ordinary  type.  Multiplication  and  various 
arrangements  of  the  tubes  nmke  this  circulation  more  aud  more  active 
without  changing  its  nature  until,  with  the  very  small  tubes  referred 
to  hy  Mr.  Tliornycroft,  the  uctlou  becomes  violent  and  somewhat  in- 
termittent, like  a  geyser. 

We  then  have  this  progression:  a  boiler  in  which  the  circnlation 
is  like  that  in  a  kettle,  with  steam  and  water  rising  at  the  centre  and 
water  descending  at  the  sides,  will  oi>Brate  satisfactorily;  so,  also, 
special  and  sectional  l>oilora  provided  with  water  uptakes  and  down- 
takes,  from  tho  heating  surface  to  a  separate  drum,  will  circulate  on 
the  same  prinniples  atid  operate  satisfactorily.  Curiously,  this  will  he 
the  case  whether  tljo  up-tukes  be  largo  or  considembly  contracted. 
We  know  that  vertical  boilers  will  operate  well  when  there  is  a  large 
space  around  the  tubes  for  circulation;  but  the  naval  launch  boilers 
and  Mr.  Manning's  moditlrntion  of  the  same,  wlierc  the  shell  is 
brought  in  close  to  the  tubes  till  it  acts  like  a  corset  to  prevent  free 
circulation,  also  operates  well.  So,  also,  a  locomotive  boiler,  with 
plenty  of  room  around  tho  tubes,  operates  well,  and  it  also  operates 
well  when  there  is  very  little  room  an>und  the  tubes;  the  fact  being 
that,  with  a  large  area  of  down-take,  a  large  quantity  of  water  is 
moved  at  a  slow  velocity,  while  with  less  urea  a  less  quantity  of  water 

•TriiiB.  A.  8.  M.  E..  vol.  jtix.  p.  57». 

f  Journal  Am.  8oc.  of  Naval  Engineers,  vol.  li.  TSo.  & 
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18  mored,  but  at  a  higlier  velocity,  produced  by  a  greater  head,dQe  to 
the  Uwx  thut  los8  WHler  is  luixed  with  ibe  steam  duriug  itii  iipwurd 
movement  and  the  density  of  the  column  ia  lesB.  The  extreme  of  tJiia 
prugressiou  ia  a  tube  60  lung  and  uurruw  tliul,  wiih  suUd  wuier  fed  into 
the  bottom,  the  greater  part  of  the  tube  will  be  a  mass  of  foam,  und 
mixed  a  team  and  water  be  dischurgod  continuously  or  spaflnioilicallT 
at  the  upper  end.  It  is,  moreover,  found  tliut  the  steam  and  water  of 
which  the  foam  is  composeil  can  be  separated  in  smaller  space  than  ia 
required  with  le»n  vigoroua  ebullition.  In  other  words,  contrary  to 
our  old  ideaa  of  large  steani-Hpiice,  large  dlsenguging  surface  and  uuiet 
ebullition  to  prevent  foaming,  we  can  apparently  obtain  as  good  re- 
sults ill  a  boiler  comjMwed  of  long,  narrow  tubes,  each  of  which  foams 
vigurouslvi  perhaps  spaBmodicairy.  in  true  geyser  style,  tlioiigh  not 
foaming  in  tlio  sense  ordinarily  understood  where  water  is  carried  to 
the  engine. 

In  ordinary  boilers  the  steam  passes  upward  and  bubbles  through 
the  water  at  the  disengaging  surface,  whi{:h  plan  operates  satisfactorily 
but  with  the  geyser  type  of  boilers  there  aro  difforencea  of  opinion 
whetlier  or  not  it  is  best  to  discharge  the  upward  current  of  mixed 
steam  and  watur  under  the  surface  of  the  water  in  the  drum  or  en- 
tirely above  it.  Mr.  Tliornycroft  advocates  the  latter,  and  this  bj-s- 
tem  is  adopted  witli  modiflimtions  in  tlie  Ward  and  Belleville  boilers. 

A  gentleman  discussing  Mr.  Ttiornycroft's  paper  claims,  however, 
that  it  is  bettor  to  discharge  the  water  and  steam  from  small  tubes 
below  the  water-level  in  scparatitiL'-drum.  It  may  still  be  considered 
doubtful  which  system  will  carry  least  water  to  the  steam-pipe.  In 
the  end  it  will  probably  be  found  that  each  mode  of  operation  ii 
adapted  to  a  particular  set  of  conditions. 

Efficiency  doe«  not  Depend  on  the  Type  of  BoDer— It  will  be 

shown  in  the  chapter  on  Itesults  of  Trials  of  Steam-boilers  that  boil- 
ers of  a  great  variety  of  types  have  all  given  practically  idenlical 
economic  results,  approaching  the  maximum  possible  results  when  the 
operating  conditions  arc  fitvorablc,  but  the  following  extract  from  the 
same  discussion  of  Dr.  Kmcry,  quoted  above,  may  be  given  here: 

The  economy  of  a  boiler  does  not  depend  npon  its  type,  or  th» 
particular  way  the  water  is  circulated,  but  upon  the  simple  principle 
that  when  there  is  proper  circulation  of  both  the  water  and  the  pro- 
ducts of  combustion,  the  economic  result  is  a  function  of  the  average 
quantity  of  combustible  burned  per  square  foot  of  heating  surface.  It 
is  important  that  there  be  proper  circulation,  not  onljr  of  the  water, 
but  of  the  products  of  combustion.  Many  special  boilers  have  large 
chambers  and  curious-ehaped  passages,  so  arrangeil  that  the  products 
of  combustion  do  not  necessarily  pass  over  all  jwrtions  of  the  heating* 
surface;  the  current  takes  the  lines  of  least  resistance,  and  while  the 
surfaoe  aotnally  passed  over  is  very  efficient,  the  average  efficiency  ii 
low. 

It  being  settled  that  the  economy  of  the  different  types  of  boiler  ia 
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based  on  the  same  law^  the  efficiency  is  frequently  very  low,  i^hich  is 
due  generally  to  the  improper  distribution  of  tlie  heated  giujea  over 
the  heating  surfaces,  whereby  a  liLrge  portion  of  tha  gases  can  take  a 
abort  circuit  to  the  stack.  This  difliculty  is  easily  overcome  lu  ordi- 
nary boilers  by  reducing  the  cross-uroa  for  draft,  so  that  the  whole 
henting  surface  becomes  efficient^  which  can  be  done  if  the  products 
of  comouBtiun  either  pass  through  fire-tuhes  or  between  water-tubes. 
With  tubulous  boilers  it  is  more  difficult,  as  all  possibility  of  direct 
access  must  be  ^ven  up  if  the  tubes  are  massed  closely  together  in  a 
flue.  In  the  writer's  opinion^  the  best  form  of  boiler  for  reasonable 
rates  of  combustion  is  one  witli  inclined  tubes  connected  by  tip-takes 
and  down-takes  to  a  chamber  or  drum  above,  as  ia  manjr  sectional 
boilers. 
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APPENDIX   TO  CHAPTER  IX. 

Note  I,  p.  208. — The  integratiou  may  be  done  aa  follows: 
Let  {T-i)  —  x,  d{T-t)  =  dT  ~  dr.,  t  being  a  constant. 


dT 


W^) 


?  =  « 


+  ^ 


-t^  7\-r 


acw       T,~i       T,-t' 

After  finding  this  formula  Ruukiue  proceeds  as  follows  ('*Steam- 
flugine,"  p.  265): 

„_  .  T,-  T,  S{7\~Q__ 

Let  ff=  expenditure  of  heat  in  raising  tbe  temperatnro  of  the  hot 
gu  abore  that  of  the  water.     Tlieu  T,  —  t  =  H  -i-  ctv ,  whence 

T,-T,_       SH/cu?  S 

r,  -  i       SH/ew  +  acw  ~  S-^ac'id'/H' 

Again^p.  293,  Rankine  says: 


Let  E  =  theoretical  evaporative  power  and  E^  =  available  evapo- 
'  of  1  lb.  fuel,  in  a  boiler  in  which  the  area  of  heating  sur- 


rative  power 
face  is  S.     Then 


where  /?  is  a  fractional  muUiplier  to  allow  for  various  losses  of  heat, 
whose  value  is  to  bo  found  by  experiment.  Now  c*w'  is  praportional  tO' 
■^'  'V.  where  /*=  lbs.  of  fnel  burned  in  the  furnace  in  a  given  time, 
and  V,  is  the  volume  at  32"  of  the  air  supplied  per  lb.  of  fuel.  Also 
/^  oc /*  X  a  constant.  Hence  it  may  he  expected  that  the  efficiency 
of  a  faniaoe  will  be  expressed  to  an  approximate  degree  of  accuracy  by 
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This  is  Rankine's  forniula  for  eflQaieucy  an  a  function  of  the  heating 

surface,  which  Ih  ufteii  quoted,  but  it  ia  uot  geuerally  kuowii  that  hia 

E        T  —  T 
80'Called  *'  efficiency,'*  ~-  =     '  _     '^  is  quite  difterent  from  the  effi- 

.      E'       T  —  T 
ciency  aa  defiDed  by  Hale  and  others,  viz.,  ^  =   ~'~rr — '»  which  cor- 

Ap  J, 

responds  to  what  is  commonly  known  aa  "  tha  efficiency  of  a  boiler." 

SunimsB   in   a  given   case   7',  =  2400,    7',  =  6D0,    /  =  :h»0.      Thou 

p  *  rp    Ji  1800 

•^  =  ■  '   -, — ■'  =  =777-^  =  76  per  ceutofficinncy,  while  Kankine's  for- 

niula  would  give  1800  -i-  2100  =  85.7  per  cenL     The  coeCQcients  A 
and  B  are  given  by  Kiinklne  as  follows: 

B.    A. 
Boiler  Class  I.  The  convi-cliou  tnkitig  place  in  tbo  best  miuincr.  eilLor 
by  iDtrodiicing  tlie  vbur  ftl  the  ooolesl  part  of  iLe  boiler  luid  making 
It  travtil  grailualtj'  ro  tbo  hullfnit,  nr  hy  heating  the  feed-vrator  In  a 

set  uf  lubef)  in  tlie  up-tak«  ;  tb«  draft  prodaccd  by  a  chinmey 1        0.9 

Boilvr  Class    tl.    Ordinary  omvectinu,  chimuHy  draft. \^    0.3 

Boiler  Claiw  ni.    Best  convt-ctiVm,  forct^l  draft 1        0.3 

Boiler  Claax  IV.    Ordinary  tajiiveclion.  forced  draft   \\     0.8 

No  satisfactory  reason  is  given  for  tlie  adoption  of  these  vuluos. 
These  cocllicicnts  of  Ijuukine  are  quite  dilTerent  from  the  A  and  B  of 
the  formulft'  (8)  and  (9)  on  page  SOlf. 

Note  2,  p.  208. — To  obtain  fonnula  (fi)  we  have 

e:  _t,-t,  s  t,-t,  ,_. 

E,   "~T~'     •    •     '     ^^^     ^-(7;_/)(7'. -/y   •     (*) 
r.JF/  =  T,E^  -  T,Ey,  r.  =  T,  ^^""-^"'^ 

Snbstitnting  this  volne  of  T,  in  (4), 

J__  ^ '__      _^__ T,B/ 

t,e: 

Put^''  =  P,md{T,  -0  =  r,. 

fp*  fi'    V  T  R  ' 

Then        P  =     '    -^r^JP^  ;     (Pr,  +  T,T,)EJ  =  T,'S^; 

b:  _       t:       _  t: ^  r.  _  (r.-<y-i-r. 


—If 


NOTB  3,  p.  210.-~/nterpreiation  of  formula  (7),  EJ=  BEp—A-o-" 

—  0,  Ea  =  BB^     That  is,  the  evaporation  per  lb.  of  fuel 


ib' 


will  be  the  greatost  when  the  ovaporation  per  sq.  ft.  of  heating  Burface 

is  least.     (This  will  not  be  true  n-heu  radiation  U  considered.} 

VT'  W       fif 

If  A   „  =BE^  or  —  =  — T^,  J?a'=  0.    This  seems  to  be  a  paradox, 

for  can  thoro  be  any  rate  of  evaporation  at  which  the  economy,  or  the 

eviiporation  per  lb.  of  fuel,  will  !>e  0  ?    Substituting  for  W'  its  ralne 

\E'F  4F  yc  0 

FEJ,  we  have  ^.'=  BE,,-  '—^  ;  and  for  E„'=  0,  BE,  =     ^     , 

which,  if  BEp,  A^  and  iS  are  finite  quantities,  can  onlj  be  true  If 
E='x>.  That  is,  when  H"  '/A'  =  BE  J  A,  a  tinite  quantity,  the  fuel  con- 
sumption is  iuUuitei  and  any  actual  evaporation,  as  W,  divided  by 
inlinite  /*  =  0. 

The  conclusion  ia  that  a  rate  of  evaporation  per  sq.  ft.  of  heating 
surface  equivalent  to  W* jS  =  BE^/A  can  never  be  reached  until  the 
fuel  consumption  /'  is  so  great  that  the  tinal  temperature  of  the  gases 
T^  equals  their  initial  temperature  T^ ,  which  can  occur  only  with  no 
transmission  of  heat  through  the  heating  surface,  or  with  an  infinite 
fuel  consumption. 

NoTB  4,  p.  311. — Development  of  e<iuation  (J I). 

E.=  BE^-A{^^n)-^; 


E.= 


1  + 


12 

BS 

w 


1  + 


BS 

r 


w 


Tlie  last  term  oqnals  A  -„-;    therefore    E^  = 


1  + 
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CHAPTER  X. 


TYPES  OF  STEAM-BOILERS. 


SvolntioD  of  Different  Formi  of  Boiler. — The  first  stage  tn  the 
development  of  steam -boilor  coiislructiou  beyoud  the  plain  c)-liudtir 
boiler  was  the  recognition  of  the  fact  that  it  is  defective  in  providing 
too  little  heating  surface  fox  its  tirst  cost,  for  the  grouud  space  it 
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occnpies,  and  for  the  expense  nf  its  setting.  Only  about  one-half  of 
its  whole  shell  surface  is  available  as  heating  eurface;  the  remaiuder 
serves  ottl;  to  hold  the  steam.  Increase  of  it«  diameter  involves  in- 
crease of  the  thickness  of  its  shell,  and  hence  greater  cost  per  square 
foot  of  heating  surface,  as  well  as  increase  of  area  occupied,  lucreiiaa 
of  its  length  involves  equal  increase  of  grouud  space  and  of  cost  of 
wttiug,  besides  incroasing  the  difficulty  of  suspending  it  in  such  a 
jnanner  as  to  avoid  daugeroua  strains.  Some  radical  change  of  form 
must  then  be  found.  In  the  United  States  the  first  departure  from 
the  plain  cylinder  boilur  was  made  in  two  different  directions  in  dif- 
ferent localities  In  blast-furnaces  additional  heating  surface  was 
provided  by  hanging  oue  cylindrical  aliell  below  another,  joining  the 
two  by  short  legs.  Such  a  construction  is  showu  in  Fig.  54.  The 
upper  cylinder  was  generally  made  of  larger  diameter  than  the  lower. 
On  the  Ohio  and  Mississippi  rivers,  steamboat  boilers  were  made  by 
enlarging  the  diameter  of  the  cylinder  and  by  putting  two  flues  inside 
of  it,  the  gases  passing  under  the  boiler  and  then  returning  through 
the  two  flues  to  the  chimney,  which  was  placed  at  the  front  of  the 
boiler.  I'his  form  is  shown  in  Fig.  55.  This  boiler  came  into  nniver* 
n\  use  on  the  western  rivers,  and  into  quite  general  use  in  the  citief 
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prejudice.  Now,  Iioworer,  it  is  rnpiJIy  being  displaced  on  land 
by  niudern  waLer-tiibe  botlere,  allhougli  it  etill  holds  its  own  on  the 
steam  bonU. 

Evolution  of  the  Steam  boiler  ia  Fraaoe  and  England.—Tn  Franoe 
the  deTt>h)piiitHil  from  Uie 
plaiu  cylinder  boiler  took  a 
form  Hiinilur  to  that  of  the 
double-cylinder  boiler,  but 
with  two  lower  cytitiders 
hanging  from  tlienp|»eroiie, 
as  ahowu  in  Fig.  utJ.  This 
boiler  is  commonly  called 
tho  "elephant "  boiler. 

In  England  the  plaiu  cylinder  boiler  Jorelnped  intp  the  Cornish 
boiler,  in  which  the  (cylinder  is  made  of  larger  (iianieter  and  a  large 

ccnlntl  tlue  is  btiilt  Into  it,  iu  one 

5:^^^ig^    end  of  which  the  grate  is  placed. 

Tliif  boiler  is  shown  in  Fig.  57.  A 

modification  of  the  Cornish  boiler 

fiii. ..;.— ■lut;t*(.KM»>ii  Kuii.uiL  is  the  Lancashire,  containing  two 
internal  furnaces  and  flueH,  hIiowr  iu  Fig.  5S.  Another  modification 
is  the  Galloway  boiler,  in  which  the  two  internal  fnrnaoeft  lead  into 
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one  large  flue,  oblong  in  croea-section,  crossed  by  a  number  of  conioal- 
ehapod  wat^r-tubes,  which  circulate  the  water  from  the  space  below 
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to  the  space  above  the  flue,  baffle  tbo  course  of  tbe  gases  through 
the  fiue,  and  provide  increiised  heating  aurface,  as  is  shown  in  Fig,  59. 
The  Lancashire  boiler  is  now  ofteQ  built  with  Galloway  tubes  crossing 
each  of  its  fluas,  as  shown  in 
Fig.  60.  This  cut  also  ehuws, 
iu  cro8a*ficctioii,  tbe  cominon 
form  of  fiettiug  of  Galloway 
and  Lancashire  boilers.  The 
gases  lirial  pass  through  the  in- 
ternal dues,  then  rotnrn  in  the 
two  external  Ones  along  each 
side,  and  finally  pass  through 
the  single  flue  under  theshetl 
of  the  boiler,  boinetimes  tlie 
gases  are  mode  to  pass  to  the 
front  under  one  side  of  the 
shell  und  thou  return  to  the 
rear  under  tlie  other  side.  All 
of  the  boilers  above  described  p,o.  W.-LAscAsnmR  Boii.rb  wtth  Oju^ 
are  o[)en,  although  to  a  smaller  loway  TfiiKi. 

degree,  to  the  same  objection  that  has  been  raised  against  the  plain 
cylinder  boiler— that  of  providinff  too  small  an  amount  of  hfiating  snr- 
faco  fur  their  oost  and  for  the  ground  space  occupied.  The  objection 
applies  lees  to  the  Galloway  than  to  the  other  forms. 

The  Horizontal  Return  Tubular  Boiler.— The  American  two-flue 
externally  fired  boiler  lias.devplopcd  through  the  stages  of  five  and  ten 
flues  into  the  modern  American  horizontal  multitubular  externally 
fired  flre-tnbe  boiler,  containing  often  100  tnbes  or  more,  of  3  or  4 
inches  diameter,  shown  in  Figa.  61  and  62. 

Fig.  61  shows  the  most  recent  form  of  this  boiler  with  butt  and 
strap  riveting  on  the  longitudinal  seams,  adapted  for  high  pressures. 
Fig.  62  shows  an  earlier  form  for  moderate  pressures,  with  the 
common  style  of  setting.  The  steam-drnm  shown  on  this  boiler  is 
now  generally  abandoned,  being  considered  a  uselosa  and  eTen 
dangerous  appendage. 

In  the  return  tubular  boiler  the  objection  of  insufficient  heating 
surface  in  proportion  to  space  occupied,  is  removed  to  a  greater  extent 
than  in  any  other  boiler  with  the  exception  of  some  forms  of  water* 
tnbe  boilers,  and  in  regard  to  cost  it  is  about  the  cheapest  of  all  boilers 
for  a  given  extent  of  heating  snrface.  It  is  probably  in  more  general  use 
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in  the  United  States  than  uny  other  form  of  boiler.  As  alread  j  stated, 
it  is  practically  not  used  iit  all  in  Knglaud.  where  there  '\b  a  strong^ 
prejudice  against  it  aud  in  favor  of  the  internally  fired  Jjancashire  and 
Galloway  boilers.  Ite  extensive  introdnction  into  this  country  \&  no 
doubt  due  to  itji  low  first  cost.  When  well  made  of  good  material, 
when  the  water  used  is  reaaonably  free  from  scale-forming  subetauoes 


FiO.  61.— HoniZONTAI.  HkTURN  TrUL'UAU  UulLKU. 

and  when  it  is  carefully  handled  and  frequently  inspected,  it  may  ^ra 
Batisfaction  for  long  periods  of  time,  and  so  justify  the  fnror  in 
which  it  is  held.  This  type  of  boiler  is,  however,  very  liable  to  eiplo- 
sion,  and  many  lives  are  lost  by  its  use  every  year.  The  shell  of  tbft 
horizoutal  tubular  boiler  being  directly  exposed  to  the  fire,  it  is  espe- 
cially liable  to  be  burned  or  weakened  when  there  are  de(>osil«  of  scale 
or  greaae  npon  it,  Tlie  circular  rivet-eeams,  and  the  double  thicknesa 
of  plates  at  the  seams  being  exposed  to  the  fire,  are  also  elements  of 
weakness. 

As  to  economy  of  fuel,  the  horizontal  tubular  boiler  is  subject  to 
the  same  rules  as  nil  other  boilers.  Maximnm  economy  may  be  ob- 
tained from  it  if  the  furnace  is  of  a  kind  which  will  burn  the  coal 
thoroughly,  if  the  extentof  heating  surface  is  sufficient  for  the  amount 
of  coal  bnmed,  and  if  the  passages  through  the  flues  are  so  restricted 
in  area  that  the  gases  traverse  the  upper  and  lower  rows  with  approxi- 
mately the  same  velocity.  It  is  in  this  latter  condition  that  the  hori- 
zontal tabular  boiler  is  nsually  defective.  There  is  a  teudoncy  of  tho 
hot  gases  to  pass  through  the  upper  rows  of  tubes  instead  of  through 
all  the  tubes  alike.     This  is  easily  ]iruved  by  inserting  a  stick  of  wood. 
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$ay  I X  2  X  10  inchee,  »t  edgewiae,  in  the  end  of  each  tube  in  a  Tertical 
row,  nearest  the  chimney,  and  leaving  it  there  for  my  half  an  hour. 
The  sticks  in  the  upper  tubes  will  usually  be  found  to  be  burned  up, 
while  tho6e  in  the  lowor  tubce  will  be  only  charred.  This  short-cir- 
cniting  of  the  giuiea  may  he  avoided  hy  partially  restricting  the  flow 


Fio.  62.— Hbthkh  Tmm.^R  Bon.p.n  wmr  Sfttiso. 

through  the  upper  tubes,  but  it  wouTil  require  considerable  experi- 
mentiug,  by  placing  thermometers  in  several  of  the  Lubes,  and  varying;; 
the  relative  obslruclion  to  the  current  in  the  different  tubes  nnlil  all  of 
the  thermometers  showed  the  same  temperature.  Actual  tests  of 
tubular  boilers  show  rftsults  varying  all  the  way  from  about  11  ^  lbs. 
of  water  from  and  at  213"  per  lb.  of  combustible,  down  to  8  pounds,  or 
about  30  per  cent,  with  no  difference  in  the  coal,  the  rate  of  combos* 
lion  or  the  character  of  the  firing  to  exphiin  the  variation.  Tt  is  proln 
able  that  in  such  cases  some  of  the  low  figures  are  dne  to  short  cireuit< 
ing  of  the  gases,  which  might  be  avoided  by  pro[)erly  retarding  the 
flow  through  the  upper  tubes. 

The  Tertioal  Tubular  Boiler.— If  a  horizontal  tubular  boiler  is 
filled  with  tubes,  turned  up  on  end  and  set  over  a  furnace,  it  becomes 


a  rertical  6re-tabe  boiler.  It  is  more  common,  howe?er,  to  bnild  this 
tyjiti  of  boiler  with  au  internal  tire-box  from  3  ;o  4  ft.  in  beigbt.  The 
annular  space,  3  or  <i  in.  wide,  between  the  tire-box  and  the  sboli,  is 
known  as  the  water-leg.  The  roof  of  the  fire-box,  a  flat  sheet  into 
which  the  lower  ends  of  the  tubes  are  expanded,  is  called  the  orowu- 
sheet.and  the  flat  sheet  on  top  of  the  boiler  into  vhioh  the  upper  ends 
of  the  tubes  are  exi>andcd,  is  called  the  upper  tube-sheet.  The  ex- 
terual  appearance  of  Kuch  a  boiler  la  shown  in  Fig.  63.  The  crown- 
sheet  is  just  below  the  hand-hole  plate  seen  iu  the  front  of  the  shell 
some  distance  above  the  fire-door. 

This  boiler  is  the  most  commonly  used  type  of  boiler  in  the 
United  States  fur  small  ]>owerB,  say  b  to  40  II.P.  It  is  also  the  moat 
dangerous  form,  and  the  one  which  explodes  ofteuer  than  any  oilier. 
As  commonly  built,  the  water-level  is  carried  a  considerable  distance 
below  the  upper  ends  of  the  tubes,  which  are  therefore  apt  to  be  oveiv 
heated  and  unduly  expanded,  bringing  severe  strains  ou  both  the  up- 
per lube-aheet  and  the  crown-slieeL.  The  crown-sheet  is  apt  to  ac- 
cumnlutc  a  thick  layer  of  mud  and  scnlo,  which  Is  liable  to  cause  tfaa 
sheet  to  crack,  and  this  may  lead  to  an  cxplosiun. 

Increased  safety  with  this  type  of  boiler  is  obtained  by  eo  con- 
structing it  that  the  npper  ends  of  the  tubes  are  submerged,  aud 
by  providing  facilities  for  iuspection  and  for  the  removal  of  scale  from 
the  crown-sheet. 

The  vertical  tubular  boiler  is  usually  not  economical  of  fuel,  on 
account  of  its  being  designed  with  too  small  an  amount  of  beating 
surface  for  the  amount  of  coal  burned  in  Us  fire  box.  but  it  may 
be  made  as  economical  as  any  other  boiler  if  properly  designed  and  if 
driven  at  not  too  high  a  rate.  The  fire-box  is  nsuaHy  too  low  to  allov 
of  complete  comhuntion  of  the  gases  distilled  from  soft  otial,  even 
semi-bituminous,  and  the  flre-tubes  are  too  short  to  absorb  the  de- 
sireil  amount  of  heat  from  the  hot  gaites.  Recent  designs  are  much 
belter  in  these  respects.  Tubes  are  made  as  much  as  IH  or  20  ft 
long,  and  fire-boxes  as  high  as  8  ft.  from  the  grate-bars  to  the  crown- 
sheet  have  been  built,  with  gond  results  as  to  economy  and  emokeless- 
neas  with  semi-bitnminous  con). 

The  Webber  Vertical  Boiler,  Fig.  64,  is  set  above  a  conical  lire* 
brick  furnace.  The  combuetion-chamhcr  is  of  the  corrugated  type,  to 
allow  of  expansion  and  contrnctinn,  as  well  as  to  provide  sufTir.ient 
strength  without  the  nse  of  stay-bolts.  The  hot  gases,  after  passing 
through  the  combu  a  lion-chamber  and  the  short  tubes  of  large  diam^- 
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ter  above  it,  enter  the  brick-Iincd  hood  at  the  top  of  the  boiler,  and 
then  paeB  downwurdB  through  the  long  tubes,  of  smaller  diameteri 
aronnd  the  uulvr  circuuifcreuce  of 
the  boiler,  and  are  tiiticharged  into 
the  annular  tino  at  the  bottom. 
The  wall  uf  the  furnace  is  purfora- 
ted  with  a  number  uf  Brnull  open- 
ings throngli  which  air  may  be 
atlniitted  above  the  fire,  in  order 
to  bora  tlio  smokj'  gases  distilled 
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Fio.   64.— Tire  Webber    VFRTirAi, 
Borunu 


from  the  ooal.  The  fjproat  distanco  of  the  bottom  flue  shoot  from 
the  pralo-bars,  together  with  the  eonicnl  brick  furnace,  are  Mlcnlated, 
vhen  thft  firinj;  is  ciareftilly  done,  to  scccire  nearly  perfect  combustion. 
The  Manning  Boiler,  Fig.  65,  is  a  modification  of  the  vertical  tubu- 
lar boiler,  with  structural  featurefl  peculiar  to  itself.  It  is  largely  used 
in  the  New  Enfifland  States.  An  especial  merit  claimed  for  it  ie  econ- 
omy of  ground  apace.  A  boiler  which  hae  i^ven  180  boiler  horse- 
power is  set  on  a  space  S  ft.  in  diameter.     The  difTerenoe  in  expan- 
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sicn  and  coTitraction  between  tfa& 
tubes  and  the  outer  aholl  is  taken 
up  in  the  double-flanged  head  con- 
necting the  barrel  of  the  boiler  with 
the  outside  of  the  Ore-box,  and 
formiug  an  expHnsion  joint.  By 
means  of  this  head  the  fire-box  is 
enlarged  so  a»  to  give  tlie  desired 
proportion  of  area  of  heating  sur- 
face to  grate  surface.  The  crown 
i^  of  such  height  to  form  a  largo 
coiiibuBlion-cliarnber. 

The  enter  Rro-box  shell  is  carried 
well  ttj>  ahoro  the  head,  aud  hand- 
holes  are  placed  exactly  on  u  line 
with  tbo  cronru-sbeet.  The  tubes 
are  placed  in  stntight  rows,  and  at 
right  angles  to  one  another  extend 
two  cleauing'Cbannelti  of  umplo 
size.  A  bent  tube  may  therefore 
be  inserted,  and  the  crown  ^hcet 
thoroughly  washed  and  cleaned, 
lu  the  water-leg  also  are  placed  a 
number  of  imnd-boles  aiul  a  clean- 
ing chain  by  nieuns  of  which  any 
sudiiucut  that  niay  uccumulutc  may 
be  stirred  np  and  removed. 

The  Locomotive  Boiler.— The  [»• 
cnliiir  nu'rits  of  the  ordinary  form 
of  locomotive  boiler,  as  used  in 
locomotjres,  are  its  allowing  to  be 
crowded  into  a  limited  space  a  great 
extent  of  heating  snrfaoe,  with  it 
large  flre-box,  its  being  self-con- 
tained, requiring  no  external  fnr* 
Dace,  and  its  great  strength,  a>1mit- 
ting  of  working  pressure  of  300  lbs, 
and  over.  To  obtain  these  advan- 
tages nmTiy  other  things  have  to  bft 
sacrilicud.   It  is  ex])ensive,  diffictUt 
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toofattii  and  to  repair,  in  uot  durubic,  auil  must  be  driven  with  forced 
bltuk  It  is  aUo  not  economical  when  driven  at  the  rate  required  for 
locomotive  practice^  the  gasca  leaving  the  snioke-stack  al  high  tein- 
peraturcs,  and  at  rapid  rates  of  combimtion  a  considerable  amount 
of  unburued  coal  is  carried  out  of  the  stack  or  into  the  smoko-box. 
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NeTertheless,  the  locomotive  tyi>e  of  boiler  is  not  uncommon  in 
etationarr  practice,  its  chief  field  being  for  portable  and  somi-portable 
boilers.  A  common  form  of  the  type  as  need  for  stationary  Bcrvico  iB 
sbown  in  Fi;?.  f>(>. 

The  "  Sootoh  **  Marine  Boiler. — Boilers  for  marine  pnrposos  are  bnilt 
in  a  ^eat  variety  of  ty|>cs,  inclndlnfr  modifications  of  the  externally 
fired  horiKontal  tire-tnbe  and  water-tube  boilers,  and  of  the  various 
forms  of  internally  fired  boilers,  such  as  the  rertical  tnbnlar,  the  loco- 
motive, the  Liincasliire.  etc. 

Take  the  Fjincashiro  boiler.  Fig.  5fl,  with  its  cylindrical  shell  and 
two  internal  fnmaces,  and  snbetitnte  for  the  two  smokc-flnos  a  com- 
bastion -chamber,  a  tube-sheet,  and  a  great  number  of  small  tubes,  and 
we  haTo  the  first  stage  of  development  of  the  Lancashire  into  a  mod- 
em  marine  boiler.  The  next  stage  is  to  increase  the  diameter  of  the 
boiler  and  shorten  its  longth,  extending  the  combustion-chamber  np. 
wards  and  pntting  the  nest  of  tubes  above  the  fumace-flues  instead  of 
in  their  rear,  canning  the  tnlws  to  retorn  the  gases  toward  the  front  of 
the  boiler.  This  makes  what  is  known  as  the  "  Scotch  "  boiler,  so 
called  because  it  was  first  built  on  the  Clyde.  Increase  the  diameter 
to  14  or  15  ft.,  and  put  in  three  or  four  cormgated  furnaces,  and  wo 
have  the  latest  form  of  the  boiler  shown  in  Fig.  67. 

This  boiler  is  often  made  "double-ended,"  that  is,  it  is  increased  in 
length  and  furnaces  are  placed  in  both  ends,  delivering  their  gases  intc 
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a  commoD  combaetion-chamber  Id  tho  middle,  from  which  the  sinok»- 
tubea  extend  to  the  cbiiuney-flnes  at  each  end. 

The  Scotch  boiler  is  now  iu  almost  uniTorsal  use  in  large  occuu- 
goiBg  merchant  Tesaels,  but  iu  the  most  recent  ships  ot  war  it  has 
been  displaced  by  the  wator-tnbo  boiler. 

The  problem  of  designing  a  thoroughly  satisfactory  boiler  for 
ocean  service  is  one  of  great  diflicvlty^and  at  best  it  offers  but  a  choice 
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of  evilg.  In  stationary  service,  on  land,  a  boilor  to  be  salisfactory 
most  have  abnndant  grate  surface,  so  that  fires  do  not  n:ed  to  be 
forced;  u  large  oomhustion -chamber,  to  help  Iu  the  burning  of  the 
volatile  gases,  and  plenty  of  heating  surface  to  extract  the  heat  from 
the  gases.  In  marine  Hervice  not  one  of  these  conditions  can  be  pro- 
Tided,  for  space  on  board  ship  is  too  valuable.  The  problem  may  ba 
stated  thus:  in  a  fire-room  of  so  many  square  feet  area  and  so  many 
feet  high  construct  boilers  which  shall  have  the  greatest  nuiuber  of 
square  feet  of  grate  surface,  and  heating  surface  sufficient  to  absorb  G5 
or  70  i>er  cent  of  the  heating  value  of  the  coal  when  the  coal  is  burned 
at  the  rate  of  50  lbs.  per  honr  per  square  foot  of  grate;  at  tho  sama 
time  tho  boiler  must  be  strong,  durable,  easily  cleaned  and  reiwired^. 
and  must  nut  weigh  too  much  nor  uai-ry  too  much  weight  of  water. 


Until  within  recent  years  the  Scotcb  boiler  has  been  the  one  which 
most  nearly  filled  these  difficult  requlremeuCa.  It  cannot  fill  them  all, 
for  it  is  heavy,  both  iu  metal  and  in  water  carried,  is  costly  and  diffi- 
cult to  r8i>air. 

The  Water-tube  Boiler. — In  the  water-tube  steam-boiler  the  heat- 
ing surface  consists  chiefly  of  tubes  of  ariiall  dianiRtor,  the  water  being 
contained  in  the  inside  of  tho  tubes  while  the  tlame  and  gases  of  com- 
bastion  are  on  the  outside.  The  water-tube  type  of  builer  forms  a 
class  broadly  distinguished  from  the  Hue  or  tubular  boiler,  also  called 
the  fire-tube  boiler,  iu  which  the  water  is  coutainod  in  a  largo  exter- 
nal shell  atid  the  gases  [toss  through  the  flues  or  tubes.  It  is  by  no 
means  a  recent  invention,  since  boUci's  of  this  type  were  made  over  a 
century  ago,  many  forms  of  them  being  shown  in  standard  treatises  on 
boilers.  It  is  only  since  the  year  IB7U,  however,  that  they  have  como 
into  extensive  use. 

The  groat  advantages  of  the  wiiter-tube  type  over  all  other  forms  of 
boiler,  in  point  of  safety  from  destructive  explosions,  ability  to  stand 
the  highest  pressures,  perfection  of  circulation,  compactness,  economy 
of  fuel,  etc.,  were  well  understood  many  years  ago,  but  it  refjuiretl  a. 
long  course  of  development  and  experiment  to  discover  what  arrange- 
ment of  parts  and  what  mccliaiiical  details  were  necessary  to  combine 
these  advuntagca  with  othi^rs  nut  less  essential,  such  as  durubiUtyy 
and  facility  for  cleaning  and  repair. 

The  furm  in  which  the  water-tube  boiler  is  now  commonly  made 
consists  of  a  bank  of  tubes,  uiiually  4  in.  in  diameter,  and  from  I'J  to 
18  ft.  long,  inclined  at  an  angle  of  about  ly  from  the  horizontal,  and 
surmounted  by  a  horizontal  water-  and  steam^dram,  from  30  to  48  in- 
diameter,  of  about  the  same  length  as  the  tubes.  The  tubes  are  ex* 
panded  into  boxes  or  "headers,"  at  each  end,  and  these  are  conneotcd 
to  the  drum  overhead  by  circulating  tubes  or  other  connections.  The 
water-level  is  carried  about  tho  middle  of  the  drum,  which  on  account 
of  ita  comparatively  large  diameter  offers  a  large  disengaging  surface 
which  tends  to  insure  the  proiluction  of  dry  steam.  The  fumncn  be- 
ing placed  under  the  bank  of  tubes  for  better,  when  soft  coal  is  used 
in  a  fire-brick  oven  built  in  front  of  the  boiler)  the"  flame  circulates 
amongst  thom,  being  properly  guided  by  Fnitable  passages  so  ns  to  cause 
it  to  give  up  as  much  of  its  heat  as  possible  before  being  allowed  to 
enape  into  the  chimney. 

There  are  now  seveml  different  makes  of  these  boilers  in  the 
market,  to  all  of  whicli  the  above  description  will  apply.    They  differ, 


however,  in  proportions  of  parts,  in  mechanical  details,  especially  of 
the  headers  and  their  coniiectiou  to  the  drum,  m  furnaces,  in  ma- 
terial, and  in  workmanshiji.  Ttie  boiler  type  iteelf  t)eiiig  good  it  etill 
requires  engineering  skill  and  good  judgment  to  determine  what  size 
of  boiler,  what  kind  of  furnace,  and  what  arnuigenient  of  flues 
and  cliimney  should  he  adopted  to  give  the  Iwst  reBiilts,  congider- 
ing  the  character  of  work  to  be  dono,  and  the  kind  of  fuel  to  be 
used. 

The  great  eucceas  of  the  water-tube  type  of  boiler  is  cliieflv  shown  by 
the  fact  that  it  is  now  being  most  exlensively  adiipted  by  the  concerns 
which  nse  the  largest  amonnt  of  power,  such  as  electric  light  and 
power  statiouB,  cable  roads,  large  «ugnr  redneries,  iron  and  steel 
works  and  the  like,  which  reqnire  thousands  of  horse-power  in  one 
plant. 

Early  Forms  of  Water-tube  Boilers.— Titch  &  Voighfs  boiler, 
need  by  John  Fitch  in  his  steamboat  on  the  Delaware  River  in  17S7; 
Barlow's  boiler,  patented  in  Franco  in  1793,  and  used  by  Robert  Fnl- 

rl'gl  ton  in  his  steamboat  experiments  on 

.^:<~i^  I  J?!>^^^^  the  Seine,  in  France,    iu   1803,  and 


Pio.  68.— PiTt  11  A  Vomnr.  1787. 


Pro.  69.— .Fomt  Stevens,  1803. 


John  Stevens's  boiler,  used  in  his  experimental  twin-screw  steam- 
hoat  on  the  Hudson  River  in  1804,  are  three  early  forms.  They  are  all 
described  in  Thnrstoh'a  "Growth  of  the  Steam  Engine."  Fitch's 
boiler  was  a  "pipe-boiler,"  conslBting  of  a  small  water-pipe  winding 
backward  and  forward  in  the  furnace,  and  terminating  at  one  end  at 
the  point  at  winch  the  feed-water  was  introduced  and  at  the  other 
Tinitingwith  the  steam-pipe  leading  to  the  engine.  Barlow's  had  ft 
nest  of  horizontal  tubes  connected  to  water-legs  at  both  ends.  Stev- 
ens's had  slightly  inclined  tubes,  closed  at  one  end  and  connected  to  a 
water-chamber  at  the  other. 

Some  More  Recent  Forms. — The  following  notes,  with  accompany- 


iiig  illustmtiutm,  are  ta- 
ken by  perniissioii  from 
'•KacU, "a  pamphlet  pul>- 
lisheil  by  Tlie  B4ibc«ck  & 
Wilcox  to.  in  ISfl").  They 
sliuw  u  few  oi  a  great  num- 
ber of  ilesigna  of  water- 
tube  boik'rs  that  have  been 
Ro.  70.— Joi.v.  1857.  made  by  varying  the  form 

or  arrangement  of  four  elcmontary  units,  viz.;  1,  a  tnbe  closed  at 

one  end;  2,  a  bent  tube;  3, 

an    aggregation    of     pipes 

and     fittings:    4,  ii    groap 

of    stroigbt    tubes    coimeo- 

ted     wi  lb    wator-chumbera 

at  each   end. 


h'lo.  71.— FtELD.  IbOO. 
BOILERS   WITH    CI.OSEU-ENn   TfBE8. 

Jolff,  1867, — A  sectional  boiler  with  vertical  droj»-tubcs,  each  fed 
by  au  in-tcriial  tnbe  extending  nearly  to  the  bottom. 

Field,  18ti6,~~\  cylinder  boiler  with  radiating  drop-tubf-n  flttpd  to 
the  lower  side.  Field  also  used  circulating  tnbos  inside  of  the  drop- 
tnbe. 

Fl$tchert  lS6tf . — A  Tertical  fire-box  boiler,  with  horizontal  cone- 


Pio.  73.— Pi.RTCTiEn,  1889. 


Fio.  7a— MiLLEB.  1870. 


STEAM-BOlLJtB  SOOJfOUT, 


shaped  tubes  radiaticg  from  the  sides  of  the  fire-box   towardH  the 
ceutro. 

J.  A.  Alifler,  1870. — Casl  headers,  to  which  were  flied  closed-end 
tubes,  incllncc]  about  Vo"  from  the  hurisontal.  with  inner  circulating 
tabes. 

AUettf  187J. — CafiUirou  drop-lubos  slightly  iucliued  from  theTer- 
tical,  screwed  into  a  horizoutal  tube  ^ 

ac  the  top. 


Fia.  74.— A-LLBN,  1871.  Fro.  75.— WreoAKD.  1873. 

Wieganti,  1S72. — Groujw  of  Tertical  tubes,  with  iiitiide  circulating 
tubes,  connected  to  an  ovcrliewl  sleain-  and  water-reservoir.  The 
lower  ends  of  the  tnbes  were  closed  by  capn. 

W.  A,  Kelly,  i^fi.— Similar  to  J.  A.  Miller's  design  of  1870,  with 


TTPfCe  OF  SIKAMBOILEBS, 


SQl 


HaztltuHt  1S8S, — A  vertical  cylinder  with  radial  tnbo9,  commonly 
called  the  "Porcupine"  boiler.  The  upiwr 
portion  of  Uiis  boiler  is  superheating  surlaoe. 


¥-, 


Fm.  77  — rXAZEt-TOS.  1883. 


Pro.  78.— OuRifrT.  18S6. 


nOTLBIIfl    WITU     BKNT    TUUKb. 

Gurttey,  1826. — A  pair  of  vertical  Bteam-and  water-reaervoirs  were 
couDccted  at  their  bottom  and  atwnt  holf  wny  up  tlieir  heijcht  by 
cross-pipes,  from  which  a  seriei*  of  bent  tubes  were  projected  into  tite 
flre-box.  The  lover  row  of  tubes  served  as  a  grate.  This  boiler  was 
used  iu  a  steam  rond-cnrriajfe. 

Cfiurc/i,  mdS. — A  locoiimtire  fire-box  with  a  vertical  extension  at 
one  ond,  filled  with  bent  tubes  connecting  the  sides  of  the  flre-box 
with  the  oroft'U-sbcet,  and  with  side  openiuKS  in  the  slmpe  of  6re- 

tubes  extending  through  the  shell  at 
the  top.  for  taking  off  the  gases.  Tliia 
boiler  was  al&u  used  for  a  road-carriage. 


'V- 


^<M 


Fio.  79.— CuoRCU,  IB83. 


Pio.  80.— Witrox.  1806. 


Witeocr,  JSoG. — Stephen  Wilcox  was  the  first  to  use  inclined  tubes 
coniitiCtiiig  \riiler-8ii:icetj,  front  luitl  reur,  with  tin  overhead  Hleani-  ar.d 
water- reservoir.  'J'he  tiibefi  were  beut  with  a  sliglitly  reversed  curve 
extending  iieuily  tfio  wliole  length  of  the  tube.  In  Ift'iii)  Mr.  Wilcox, 
witli  his  parlner,  treorj^c  U.  Hiibcock,  bought  out  the  Uabcock  &  Wil- 
cox boiler,  with  struight  inclined  tubes. 

Ri/wan,  ISOi'j. — A  series  of  units  placed  side  by  side,  each  unit  oon- 
sifittug  uf  lui  upper  and  a  lower  horizontal  drntn  connecte<l  by  a  series 
of  btitit-eiidi'd  heAliiig-tnt)ex.  and  ul  Itiuir  ends,  uutaide  11 -^  selling;, 
with  down-take  tubes  of  largo  di:uneter. 


Fic.  81  -Rowan,  l?tJ5. 

PhUger,  mil  — 
O  u  r  n  e  f  T  tubw 
were  u»e<I  for  rirr- 
bu  i-«,  with  a  second 
aeritifi  nddud  above 
for  heating  -  l  u  be  m. 
and  above  them  a 
large  a  t  e  n  ni  -  u  n  d 
water-driun. 

Ii*iijt)s  tl'  Biaek, 
2876.— K  soriea  of  U 
titbes  on  the  onlt^iile 
of  a  vortiral  aliell,  sur- 
rounded with  a  brick 
settiug. 


KiG.  83  -Rof.r.M  A 
Black,  IHtO. 


BOILERS   BtTILT  OF    riTKS    AND    FITTINGS. 

^ance,  183S, — The  lower  tiibea  were  uHed  zu  grates.  Up-flow  and 
down-flnw  pipes,  connected  by  special  fittings.  Steam  and  wuter 
capacit;  very  small,  and  uu  provisiou  for  internal  cleaning. 

BeUevillOi  1805, — Bent  U  tubes  screwed  into  return  bends,  a  seric« 
of  coils  being  placed  vertically  eido  by  side,  connected  at  the  top  to  a 
lepaiuiing-dmm  aud  at  libe  boLtoin  to  a  comiuou  feed-pipe. 


FlH    85.~BGLLfeMi.t.i-:.   ItitiO. 


Fin.  M 


-Bbllevii.lb; 
18T7. 


fielheitk,  lS77.~'V\\c  bent  pipe  was  discarded  and  return  bends 
oaeil  on  Imth  eiiil^  of »  series  of  utniight  tubes. 

Kilgote,  i^7i. — Straight  tubes  with  return  bends,  connected  to 

fiast-irnn  water-chambern.  This  boiler 
was  introduced  qnitoextonBively  in  Pitta- 
burg,  but  it  had  a  very  short  life. 


3U4 


STEAMBOILEH  ^COSOifT, 


Ward,  187^.— A  vertical  cylinder,  surrouudeit  by  a  series  uf  con- 
centric coiU  interrupted  Lwice  iu  their  circumferonce.  on  oppositQ 
aides,  by  vertical  rimnlfulds.  These  nmiiifuldij  on  one  side  were  eon- 
ncctetl  by  Ji  rudijd  pij.e  lo  tlio  bottom  vl  tlie  cylinder,  Ar.d  at  tile  other 
side  to  a  circular  pi|ic  connecting  near  the  top  of  Uie  cylinder. 

linbertu,  Mf7.— Stmight  pipes  with  return  bends,  with  "down- 
tiike"  pi(>e8  oulaiUe. 


i)'W.  tW.-UOB£RTS,  1B97. 


PiQ.  w\  — Mmt.  1800. 


Aimt/,  ]f!90, — StrAi>;ht  pipes  oonnectetl  wrfh  elbows  nnd  return 
l>enda  lo  an  OTerhea<l  steam-  and  vrater-roserToir  and  bottom  connect- 
ing pipes. 

Ihrrfshofft  1890. — Strughl  tubes  with  return  hende  at  each  end. 


BOILEBS    WITH    STRAIOHT    TUBES    CONKKCTEn    TO   WATER-CUAMItKBa 

AT    BOTn    ENDS. 

Finnnnrh,  i^75.  — Fhit-sidcd  horizontal  drums  at  top  and  bot- 
tom of  a  hank  of  stniight  tubes.  Two  i«uch  iiiiita  were  placed  A- 
fasbion,  with  the  grates  between  them  at  the  bottom,  and  surnioanted 
with  a  fileam-drum  on  top. 

WlttfJfr,  JSU2. — Like  the  Firmenich,  but  with  the  tubes  set  verti* 
callv,  and  t)in  lower  water-drums  directly  orcr  the  grates. 

.Ifaifinti'/,  hS70 — A  horixonffil  steam- anrl  water-cylinder  ahove  k 
bank  of  tubes  placed  ul  a  slight  incUnation  from  lUu  horizontal  ;  tha 


pio.  41.— FlItUICNK-II,  lt)7S. 


Modern  Forms  of  Water-tube  Boilers.— Tlie   wnter-tnbe  tyjw  of 
boiler  did  uot  cuiue  iiilo  any  extensivo  nse  prior  to  1870,  probublj 


Fio.  ffJ.  — W'nrFiRn.  18W 


Fig.  03.— Maykakd,  1870. 

becnuBe  inventors  iif  the  earlier  forms  did  not 
appreciate  the  rcKpiiremeiita  of  »  Ihoroughly 
good  boiler,  sncli  ua  facility  for  clcaiiitig  and 
repair,  provisions  for  proper  circuJution  of 
the  water  and  of  the  ganes  of  combustion, 
and  for  insuring  dry  steam— all  of  which  are 
met.  ill  at  least  some  of  the  modern  forms  ot 
the  wjitiT-Uibe    boiler.      In  lb67  Mr.  Johu 


STEAM-BOILER  ECONOMY. 


B.  Root  iriTpnted  wliat  is  known  as  the  Hoot  boileri  und  in 
181J9  the  Huhcoiik  &  Wilcox  Comimuy  Orst  put  their  boiler  oii  the 
market.  Both  of  these  boilers  h^tve  been  improved  in  eoniD  regfiecta 
since  they  were  first  brought  ont,  the  Kabcock  &  Wilcox  reaching 
practically  its  present  forui  as  early  a«  1BT3>  unc]  the  Itool  boiler  its 
present  form  jihont  ton  years  later. 

The  Babcock  &  Wilcox  Boiler,  since  the  original  patents  have 
expired,  has  been  extensively  copied,  with  inuditications  more  or  le«s 


Pio.  84 —Til R  Uakcock  &  Winm    I'-  ii.kr. 

important,  and  its  f^dneral  Torn)  may  now  he  considered  a  stfindnrd 
type  of  boiler,  the  leading  fealnres  nf  which  are  a  horizontal  dnim, 
nenaliy  about  .'ICi  in,  diameter,  the  water-line  beinz  carried  at  th« 
niiddle  of  the  drnm,  and  a  **baiik  *'  of  4-in.  tnljoa  int-lined  altont  1ft** 
from  the  horizontal,  the  tubpH  beiiig  usually  laid  parullul  in  horizontal 
rows  across  the  boiler,  the  verrical  rows  lieing  stajrgered.  The  tnbea 
are  expanded  at  ea^li  end  into  headend,  witich  takn  different  forms 
in  difTerent  modificatinns  of  the  ^iieral  ry]>e.  'Die  front  beatlers  are 
connected  witli  the  drum  by  short  pieces  of  tiil^e,  and  tlie  rear  headers 
by  tnbes  -1  to  G  ft  long. 

In  the  most  recent  form  of  Babcock  &  Wilcox  boiler,  desifrne<l 
especially  fur  high  pressures,  Fig.  94,  the  header  is  a  loDg  cornigatod 
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box  of  forged  steel,  into  which  aie  oxpaiuled  the  tubes  of  one  of  the 
Tercioftl  filuggurt'd  rowH.  Opposito  the  end  gf  eudi  UiIjc  rliere  is  a 
hand-hole  platu,  held  to  its  scut  hj  a  bolt  and 
uuU  Aa  the  rear  header,  as  weit  us  i  he  front 
header,  is  provided  wilh  siiinliir  'uiid-liole 
plates,  the  iiut-rior  of  the  tuho  iiuiy  be  in- 
spected by  the  boller-owaer  himself,  by  having 
some  one  hold  a  candle  at  the  liand-hule  ot 
the  TOflr  Jieader  while  he  looks  in  thn'rt.'li 
iho  froDt  header.  'J'Jie  haiid-holea  are  nuide 
of  6ucb  a  size  that  the  tubes  iitay  bo  with- 
drawn or  inserted  through  them  whenuver 
u  tube  requires  to  be  replaced. 

In  the  Natuuml  and  GUI  Injilcrfi,  (he  prin- 
cipal feature  of  difTerence  from  the  Bubcoek 
A  Wilcox  boiler  is  the  form  of  the  iicaders. 
Ill  the  Xational  boiler  the  header  is  of  ap- 
proximately a  triaiignlar  elmpo,  to  take  three 
tubes,  while  in  the  Gill  boilers  the  headers 
are  made,  as  fhown  in  Kig.  I>5,  to  take  four, 
five  or  six  tubes.  Kach  header-l>ox  is  con- 
nected with  the  one  above  it  bj  an  expaikded 
nipple. 

In  the  Caldtcell  boiler,  Fig.  !>G.  a  depart- 
ure has  been  made  from  tlic  usnal  plan  of 
stag^ring  the  Tertical  rows    of  tubes,  and 
ibev  r.re  placed  directly  one  above  the  other,  pm   fir.  -  r  c  •  nKirp  op  tub 
In  orrler  to  deflect  the  gases  and  cause  them  ""••■  fuiucn. 

to  completely  envelop  the  tubes,  specially  shaped  brick  are  laid  across 
alternate  spnrog  between  the  tnbcs  as  shown  in  Fl?.  9T. 

The  Root  Boiler  (Fijf.  flfi)  consists  of  ati  arrangement  of  4-in.  tubes, 
inclined  about  20*  from  the  hori7.oiituI  and  Het  in  a  stajjEjered  posifion 
Terticnllv.  snrrnnndeil  bv  several  lionzoiital  fteiini-  ami  water-drums 
fthont  1.1  ins.  in  diameter.  The  lubea  are  expandeil  into  headers  which 
with  Ihcir  connections  form  a  vertical  clmnnnl  throiijjh  which  the 
water  passes  from  the  point  where  the  lr<wcr  tube  enters  tlieni  to  tIio 
ton.  When  tlie  boiler  is  workinir,  water  fills  the  tnbes,  and  also  about 
half  nf  each  of  the  overhead  <!rum«.  eanh  one  of  which  receive*  the 
■water  and  steam  from  the  vertical  piles  nf  tubes  immediately  below  it. 
fn  the  rear  of  the  boiler,  at  the  e«d  of  the  overhead  water-drums, 
each  drum  has  a  vertical  pipe  terminating  in  a  drum  common  to  all 


water  meeta  the  feed-water,  which  is  introdncod  at  this  point,  and 
wftrtiis  it  up  to  a  tomi)eraturo  siifTiciently  high  to  prevent  jniy  tronble 
wbirh  niixht  be  o«ii8ed  by  nneqiml  expanBion  in  tlie  hoiler  parts  from 
receiring  feed-water  at  a  low  teniperatnre.  From  this  feed-dnini, 
the  mixture  of  feed  and  eironlating  water  descends  tlirongh  tlie  largo 
vertiojil  down-lake  pipes  to  llio  nuid-drum  beneath.  After  leaving  the 
miid-drum,  tlie  water  passes  from  the  "  goose-neck  "  connections  into 
the  extreme  loner  end  of  each  one  of  the  rei»r  vertical  sections  of  boiler- 
tubes;  niid  then  it  rhes  up  along  the  tubes,  niaintiiining  the  constant 
upward  flow  which  is  always  going  on  when  the  Itoiler  is  in  operation. 
Tlie  water,  fillod  with  its  bubbles  of  steam,  rises  uloug  the  inclined 
tul>ei!,  and  passes  np  along  the  front  lieuderN  into  the  overhead  water- 
drums.  At  the  rear  end  of  each  dritm  the  steaw  finds  an  opening 
into  the  steHni-coIlecting  nuiltiple  iibove,  which  is  placed  at  right 
angles  to  all  the  diiiins,  and  from  this  multiple  it  passes  along  the  two 


n 
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connecting-pipes  into  tho  large  steam  and  separating  drum   locatct 
above  the  water-druiiis  about  Ibu  cciilre  of  tliu  buiier. 
Thv  deluiis  uf  tbo  fioot  boiler  are  shown  in  Fig.  !)'J. 
No.  I  HhowH  a  "package"  consisting  of  two  tubes  with  a  header 
expanded  on  each  cud.     No.  2  shows  these  )Mickuge8  phiced  one  upon 

the  other,  forming  n  section.      Coiniect- 

ing-bendB    are     also    showti    in    pluct*, 

Ihroiigb  which  u  cirouhtlion  of  wuter  is 

obtained  from  the  bottom  to  the  top  of 

tho    section.       A    number    of    sectional 

{>lat'ed  side  bjr  Bide  gu  to  form  u  com- 
plete boiler.     Mo.  3  shows  tlio  method 

l>y  which  theic  bends  are  applied.      Uetween  tho  bond  which  is  ready 
Co  drop  in  place  and  tho  bender  id  aeon  the  metallic  j»aoking-ring 
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The  tapered  eud  of  the  ooDDectiug-bend  is  shown  in  the  enlarges) 
view,  No.  5.  Wheu  this  plug  is  forced  down  iiilo  the  tapered  seat  of 
the  ring  it  causes  the  ring  to  expand  in  every  direction  radially,  and 
Eo  iiiMke  a  tiglil  joint.  Thiii  bnnd  is  drawn  down  into  the  seat  by  bolls. 
The  heads  of  these  bolts  arc  batl-sbapcd  and  are  received  into  similarly 
shaped  sockets  cast  In  the  headers,  which  allow  the  screvr-ends  Xree- 
dom  to  move  in  every  direction. 

All  the  water-lube  boilers  above  mentioned,  as  well  as  many  other 

variations  of  this  geueral  type, 
are  known  as  sectional  boilers, 
since  they  are  built  up  of  aeo* 
tions  made  liy  lutsenibling  a  num- 
ber of  iiiterchangoablo  parts. 
This  sectional  feature  is  a  oon- 
Tenifnce  in  transportation  and 
enaction,  and  it  facilitates  the 
ra]>id  making  of  repairs;  a  new 
section  being  easily  substituiod 
for  an  old  one. 

Other  water-tube  boilers  are 
made  which  arc  not  sectional. 
One  of  tbu  best  known  is  the 
IJeine  boiler,  shown  in  Fig.  20, 
p.  165.  The  tubca  are  parallel 
witii  the  drum,  both  being  in- 
clined at  tho  same  angle  when 
the  boiler  is  set  tip,  and  are  con- 
neirted  with  it  at  each  end  by 
large  water-legs,  made  of  plates 
stayed  together.  A  hand-hole 
plato  is  opposite  the  end  of  each 
pio.  90— Pkt*!!.*  oFTiiK  Root  Boii-ER.   tube,  through  which   the   tube 

may  be  cleaned  or  replaced. 
Ii  M-ill  be  noticed  that  in  the  Heine  boiler,  Fig.  20,  the  passages 
for  the  gases  of  combiistioD  are  horizontal,  nr  parallel  with  the  tubes, 
while  in  the  other  boilers  the  gases  pass  transversely  across  the  lubsa 
three  times.  For  anthracite  coal  the  transverse  pasiiages  are  probably 
tho  best,  and  when  properly  Gred  this  coat  is  thoroughly  bnrneil  on 
the  grates,  and  tho  direction  of  the  gas-passages  across  the  tubes  offers 
every  facility  that  can  be  desired  for  allowing  tbo  boating  surface  t» 
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absorb  the  heat  from  the  gases.  With  bituminoua  coal,  the  aettinga 
showu  ill  Figs.  94  und  96  do  not 
offer  suQicient  opportuuity  for  the 
g!u«8  from  the  coal  to  be  thor- 
OQglily  burned  before  they  reach 
the  tubes,  cunsequtiiitly  a  portion 
of  the  vtiluiible  heutiDggiiees  is  apt 
to  go  oH  niibunied,  since  the  tubes 
chill  them  below  the  tenipeniture 
of  ignition.  The  lon^f  horizontal 
poMage  under  the  loner  ron-  of 
tub«i(  is  bettor  for  insuring  com- 
biiKtion  of  tiie  gases,  but  the  re- 
turn passage  enclosing  the  tubes 
requires  to  be  carefully  propoi^ 
tioned  as  to  its  sectional  area,  in 
relation  to  the  amount  of  coal 
burned,  so  that  the  hot  gases  do  „ 
not  travel  iitorig  the  upper  por- 
tion of  the  passage  only,  leaving 
the  heating  surface  of  the  lower 
portion  in  efTrctive.  In  adopting 
either  one  of  these  styles  of  settiDg,  vitb  bitunuuott8  l'OilI.  tia're  is 
a  ohoioe  of  erils:  io  one  style  the  gas  may  be  imperfectly  burned,  in 
the  other  the  heat  from  the  burned  gas  may  be  inii>erfcolly  absorbed. 
With  furnaces  atlaplcd  to  the  complete  coiiihuslion  of  the  gases  of 
bituminous  coal,  the  transverse  passages  will  ueually  be  found  prefer- 
able to  tho  loiigifudiiinl. 

The  Cahall  Vertical  Water-tube  Boiler,  Fig.  100,  is  another  non- 
eectional  boiler.  It  consists,  as  shown,  of  a  ccst  of  nearly  rer- 
tical  water-tubes  connecting  a  shallow  water-drum  at  tho  bottom 
with  a  tall  annular  steam-  and  water-drum  at  the  top,  ihc  size 
of  which  is  sufficient  for  a  man  to  walk  around  in  it,  and  so  be 
able  to  reach  the  inside  of  the  tubes  with  a  scraper.  The  coal  b 
burned  in  a  chamber  lined  with  (ire-brick,  and  the  gases,  after  being 
cauKcd  to  traverse  the  tubes  in  a  circuitous  manner,  by  the  bafflers 
shown  iu  the  cut,  escape  out  of  the  hole  in  tho  centre  of  the  annular 
drum. 

The  external  furnace  of  the  Caball  boiler  is  well  adapted  to  the 
burning  of  bituminous  i-oh1.    There  is  no  reason  why  an  external  oren 
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or  ftirnace  cannot  be  used  in  connection  with  boilers  of  the  fiabcoclc 
&  Wilcox  type.  Iti  fact,  such  boilers  ure  sometiriiefi  set  with  euch  an 
external  furnace  with  advantageous  reauUs,  aud  their  more  general 
atioption  in  future  is  probable.  With  the  highly  Tolatile  coal  mined 
wc&t  of  the  Allegheny  Mountains  the  use  of  mechanical  stokora, 
together  with  external  furnaces,  ia  also  likely,  with  proper  proportion- 
in"  and  ciireful  Imndling.  to  improve  economy. 

The  Stirling  Boiler,  V'\g.  101,  oonsiste  of  throe  horizontal  steam- 


^ 


Fie.  101.— The  Srisuno  Roii.br. 


and  water-dnims  al  the  top.  and  a  single  wuter-dnim  at  the  bottom, 
connected  by  three  seta  of  inclined  and  somewhat  curved  tubes,  A 
fire-brick  arch  ia  built  above  the  grate,  and  buffle-waUs  of  fire-briok 
are  placed  above  the  upper  rows  of  two  uf  the  sets  of  tubes,  which 
give  a  proper  direction  to  the  heated  gn^eg. 

The  Wickes  Boiler.  Ki-;.  UViJ.ulao  consists  of  an  upper  and  lower 
drum  ronnected  by  vertical  lubes.  By  building  a  thin  wall  of  fire- 
brick between  two  adjoining  middle  rows  of  tubes,  as  shown  in  the 
cut.  the  passage  for  gas  is  caused  to  lead  first  upwards  from  the  fnr- 
nace  and  (ben  downwards  to  the  chimney-flue.  An  external  furnace 
is  used  with  this  boiler. 


bent  nearly  to  tlie  form  of  a  ehorfc  U.  Tlie  tubes  are  expanded  into 
tlie  central  shell,  uml  are  placed  ou  an  incline  so  that  one  end  is  about 
15  iiii.  higher  Uian  the  other. 

The  boiler  is  self-contained,  no  brick  being  Tisible;  on  the  inside 
of  the  casing  is  a  terra-cotta  tile,  each  piece  being  fastened  by  a 
through-bolt  to  the  casing  so  that  nny  section  uf  tlie  boiler  can  be 
readily  taken  out,  brick  and  all,  without  dieturbtng  the  othor«,  to 
renew  tubes.     If  a  tube  should  need  renewing  the  defective  one  is  cut 
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W.  S  Hntton  on  "  Steam-Boiler  Construction."  Tbree  of  tbeee  fornw 
are  describeti  twtow. 

The  ThornycToft  Boiler  (Fig.  104).  A  Urge  crlindrica)  steam- 
drum  is  connected  lo  a  lower  wuler-Urum  by  two  groujw  of  curved 
generating  tubes  of  small  diam- 
eter. Tlie  fire-grates  are  on  each 
side  of  the  water-drum.  Tlie 
two  outer  rows  of  tubes  of  eai'-h 
group  are  brought  together,  nmk- 
iug  a  tube-wall,  bnt  so  as  to  leave 
openings  for  the  hot  gasee  to  pn£e 
between  the  tubes  near  their  lower 
eiida.  The  two  inner  rows  of  each 
group  are  in  like  manner  brought 
togeilier.  except  near  their  upper 
ends,  where  there  are  passages  left 
between  them.  The  gases  thus 
pass  from  the  com  bust  ion -chamber 

above  the  grates  on  each  side  into  the  fine  between  the  outer  and  inner 
tnbe-wallsi  and  thence  into  the  heart-sliaped  central  Hue  which  leads 
to  the  funnel  at  the  back  of  the  iKiiler.  The  outer  sides  of  the  Gre-box 
or  combuslion-chftinberaro  formed  by  lubo-walls  leading  from  two  small 
water-drums  into  the  upper  part  of  the  steam-drum,  these  water- 
drums  being  connected  by  a  cross-pipe  at  the  back  of  the  boiler.  Tlie 
generating  tubes  discharge  a  mingled  mass  of  steam  and  water  into 
the  steam-drum,  in  which  there  are  bnfllfl-jilates  to  separate  the 
stenm  and  the  water.  Tlie  Bt*nm  passes  into  an  internal  st'eam-|>ipe 
through  narrow  slits,  while  the  water  fulls  to  the  bottom  of  the  steam- 
drum  and  is  thence  conveyed  by  large  central  return-pipea  to  the 
Wftter-drum  at  the  bottom,  thus  insuring  a  rapid  circulation.  The 
following  data  of  a  large  Thornycroft  boiler  are  given  by  Ilutton: 

Tube  surfnce sq.  ft.  -1090 

Fire-grate  ureu '•    ••    63.S 

Wfiglit  of  llie  boiler  and  niouiitiopt.  with  wntcr tons  18f 

Itidiuitti}  hiirHe*powt;r  iMi  innl.  wUli  triple-expnDsloa  cuglnes SOOO 

IVorklog  pfciiiure  of  »tcam lbs.  per  sy.  in.  230 

Tliis  Iwiler  is  known  as  the  "Daring"  type.  Other  and  smaller 
boilers  of  t)io  Thornycroft  make  are  called  the  "Speedy"  ond  the 
"  Lannch  *'  types.  The  Thornycroft  boiler  is  largely  used  in  torpedo- 
boats  ond  high-speed  yachts,  especially  in  Great  Britain. 
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in  Fig.  IOC,  which  repreeeiiU  one  of  the  boilers  of  the  U.  S.  criiiaer 
CincinruUi.  This  boiler  has  been  extensiveljr  adopted  in  the  British 
and  Americau  niivios  for  the  largest  war-veftselfl,  :Lnd  since  1895  it  lias 
bt*eu  used  with  great  saccess  in  tbo  Wilson  (liritish)  Hue  of  merchant 
Btetuuora.  The  chief  features  iu  which  it  diflera  from  the  land  type 
of  the  Babcock  &.  Wilcox  boiler,  Fig.  94,  page  SGG,  hare  been  designed 
for  the  purpose,  chiefly^  of  providiug  a  very  largo  area  of  grate  and 
beutiug  surface,  together  with  relatively  snmlt  weight  of  mota!  and 
water  to  bo  carried  in  the  contracted  space  allowed  in  ocean  steamers. 
The  lubes  in  the  lower  row  are  4  ins.  diameter,  all  the  others  being  3 
ins.  The  steam  and  water  dnim  is  set  transrcrsely  to  the  direction  of 
the  tulws.  The  fire-bui  is  roofed  over  by  fire-brick  supported  by  the 
lower  row  of  tubes.  The  fire-door  ii  placed  at  what  would  bo  called 
the  rear  of  the  boiler  in  the  ordinary  land  boiler,  A  fuller  description 
of  this  boiler,  together  with  the  record  of  a  series  of  tests  made  by 
engineers  of  the  IT.  S.  Kavy  will  be  fonud  in  the  chapter  on  Kesultd 
of  Steam-Boiler  Trials. 

Fonnt  of  Boiler  used  in  DiJIereiit  Countries.— The  average  boiler- 
nser  is  governed  iu  bis  selection  of  a  Iwiler  largely  by  local  custom  and 
prejudice,  and  therefore  different  forms  of  boiler  are  the  favorites  in 
different  p;irU  of  the  world.  To  show  how  generally  this  is  true,  we 
have  the  following  figures  showing  the  percentage  of  various  tyi>es  of 
boilers  used  iu  Great  Uritain,  France,  CJermany,  Switzerland,  and 
Austria,  prepjired  by  Mr.  llillcr,  of  the  National  Boiler  Insurance  Co., 
of  Manchester,  Kngland,  and  given  by  Mr.  R  S.  Ualo  in  Circular  No. 
S,  1896,  of  the  Steam  Users'  Association,  Boston,  Mass.; 

PRR  CEKT  ilF   DOILKKS  OK  VAHIOI.'B  TYPEa  CSRD   I\    KrUorK. 


liEnrasblrv  nnd  ftiraflAr  Irpet.. 
OtuWi  Mil  firailar  lype«  . .. 
Kxtemftllv  tlrt-l  ryHntIric»l... 
Exifrtmlly  fired  mulliUiliular. 

Ijoconin<l»o 

9mh\\  verticals 

Wiiter-tnbr 

Other  lypea • 


IMBi 

IWS-I. 

KlnKdum. 

rr«nc«. 

UemiKny. 

Uiiil. 

S8.0 

4.7 

3B.7 

10.6 

SS.7 

8.8 

i6.a 

40.8 

t6.8 

67.8 

14.8 

1S.5 

,  , 

18.4 

6.3 

8.5 

ii.6 

S.1 

17.8 

S7 

16.B 

8.0 

5.0 

13.5 

1.S 

B.7 

4.4 

1.4 

S.1 

2.0 

3.1 

.... 

Autlrift. 


« 

410 
7.5 

10.0 
0.1 
8.8 
1.4 


•  T^D^»llln^  ConU«li.  ud  MmlUr  typw,  »  T.       *  Inctudton  "  »h>plunt  "  IwllvfB. 

We  note  from  this  table  that  tbo  Tjnipashire,  Cornish,  and  similar 
types  form  a  majority  of  all  the  boilers  in  the  United  Kingdom,  Gw* 
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uiaiiy.  and  Switzcrlitad;  that  tlio  exlerually  fired  cyliudrical.iucluding' 
tiie  elephant  boilers,  are  in  tliQ  lead  in  France  and  Austria,  and  that 
tho  extonmlly  fired  muUitubtilar  boiler,  wbiob  is  the  moat  common 
boiler  in  tliB  United  StutcB,  doea  not  appear  to  be  nsed  at  all  in  Great 
Britain,  and  but  to  a  email  extent  in  other  Kuropean  countries.  If 
the  table  had  Included  buik-rs  in  the  United  States,  it  would  prubably 
put  the  externally  fired  niuUitubular  boilert;  far  in  the  lead  of  all  tho 
others,  the  elephant,  the  Cornish,  and  the  Luncashiro  boilere  vonid 
not  appear  at  all,  the  externally  fired  cylindrical  boilers  to  probably 
loss  than  5  per  cent,  the  small  verticals  wonld  probably  hare  a  larger 
percentage  than  in  any  country  in  Buro[>e,  large  verticals,  such  as  the 
^tanning,  which  are  not  named  in  the  European  list,  would  appear 
with  a  snmll  percentage,  and  water-tube  boiler:j  wonld  probably  have 
a  higher  percentage  than  anywhere  in  Kuropo. 

It  must  be  said  in  relation  to  this  table,  that  it  is  not  fairly  repre- 
sentutivo  of  European  practico  in  the  ]iurchase  of  new  boilers  at  the 
present  date,  but  is  srmply  the  percentage  of  boilers  in  use  in  1S95,  in- 
cluding both  old  and  new;  many  of  them  are  no  doubt  forty  years 
old,  or  more.  If  a  table  were  prepared  of  tho  percentages  of  boilers  of 
various  typ^s  now  sold,  it  M'ould  undoubtedly  show  a  much  higher 
percentage  of  water-tube  boilers,  which  have  within  the  last  ten  years 
become  very  contmon  in  Bolgium,  France,  and  Germany,  and  are 
rapidly  increasing  in  favor  in  England  as  woll  ai<  in  the  United  StAies. 

There  is  nothing  in  the  steam-engine  practice  of  different  conntries^ 
nor  in  the  character  of  fuel,  or  of  water  used,  which  will  account  for 
the  groat  difference  in  boiler  practico  in  the  dilTerent  countries, 
and  the  only  explanation  of  it  appears  to  be  local  custom,  prejudice, 
and  conservatism.  The  difference  between  American  and  Kuro[>caii 
practice  may  be  piirtly  explained  by  financial  considerations.  In 
England,  where  manufacturing  e^tlablishments  are  genernlly  of  many 
years'  standing  and  provided  with  ahnridunt  capital,  and  where  th« 
interest  on  money  is  low,  the  first  cost  of  a  boiler-plant  if  uenally  a 
consideration  of  secondary  importance.  This  has  led  to  the  general 
introduction  of  the  Lancjishire  boiler,  which  is  very  high  in  firat  cost. 
In  America,  where  mnst  of  the  manufacturing  concerns  have  grown 
from  small  Ijeginnings.  where  capital  for  investment  in  manufacturing 
has  been  scarce  and  interest  high,  low  first  cost  has  been  considered 
of  chief  imporUncc,  and  on  this  acconnt  the  horizontal  multitubular 
boiler,  which  is  almost  unknown  in  England,  baa  oome  into  most  ex- 
tensive use.  in  recent  years,  however,  in  the  United  States,  the  in- 
crease of  wealth,  the  decrease  of  tiie  rate  of  interest,  the  growth  of 
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manufacturing  concerns  into  establish ments  of  vast  eitent  and  abund- 
ant capital,  the  decrease  of  the  margin  of  profit  in  manufactured 
goods,  and  intense  competition,  have  all  tended  to  bring  about  changes 
in  the  ideas  and  methods  of  manufacturers  and  other  steam-users. 
They  are  now  disposed  to  look  more  carefully  into  the  questions  of  econ- 
omy of  fuel  and  of  durability  of  steam-boilers,  and  are  more  willing 
than  formerly  to  try  boilers  of  higher  first  cost  if  they  can  be  assured 
of  an  ultimate  saving  in  annual  expense. 


CHAPTER  XI. 

BOILER    HORSE-POWER -PROPORTIOXS  OF  HEATING   AKD  GRATE 
SURFACE— PERFORMANCE  OF  BOIIJIHS. 

The  Horse-power  of  a  Steam-boiler. — Tlie  t«mi  "  horso-powor  **  lias 
two  nifiuiinga  in  eiijijincerin^:  Ftrsi,  an  absolute  unit  ormetixureof  M« 
rate  of  work;  tliat  in.  of  tlif  work  done  in  a  cdrtain  definite  period  of 
time,  by  a  source  of  eiierp\-,  jh  a  ateam-boiler,  a  waterfall,  a  current 
of  air  or  of  wntcr,  or  b_v  u  prime  mover,  as  a  steam-engine,  a  waler- 
wbeul.  or  a  winil-niill.  The  vtilue  of  tlils  unit,  whenever  it  can  be 
expressed  in  foot-pou nds  o(  enerpy,  as  in  the  rase  of  steam-enginoa, 
wator-whoeU,  and  waterfalls,  is  3;j.000  foot-pouudu  per  minute.  lu 
the  case  of  Iwilers.  where  the  work  done,  the  conversion  of  water  into 
Bteam,  cannot  bo  eiprrssed  in  foot-imunds  of  avaihible  energy.  tJio 
Ditiial  value  given  to  the  term  liorae-power  is  the  evaporation  of  30  Iba. 
of  water  of  a  temperature  of  \0U°  V.  into  steam  at  70  Ihs.  preE«ure  aboT« 
the  atmosphere.  Both  of  theee  units  are  arbitrary;  the  first,  33,000 
foot-poumia  pur  minute,  originally  used  by  .lanica  WaTt,  Iieing  cou- 
Bidered  equivalent  to  the  power  exerteil  by  a  goo<i  I^ndou  draft- 
Iiorse,  and  the  second,  \iO  lbs.  of  water  evujKirated  iwr  liuur.  lioing  eon- 
sidi-reil  to  bo  the  steam  ref]iiirement  i>er  iudicatcd  horse-power  of  on 
average  engine. 

The  second  definition  of  tlie  term  horse-power  is  an  aftjtToximat* 
measure  of  th€  size,  capacity^  vahity  or  **  rating"  of  a  boiler,  engine, 
water-wheel,  or  other  sonree  or  oonveyer  of  energy,  by  which  niouiiuro 
it  may  bo  deseribcd,  bought  aud  sold,  advertised,  etc.  No  definite 
Tttliie  <*an  be  given  to  this  measure,  whicli  varies  largely  with  IoceI 
cuKtom  or  individual  opinion  of  makem  and  nser«  of  maehinery.  The 
nearest  approach  to  uniformity  which  can  be  arrived  at  in  the  term 
*'  horse-power/'  used  in  this  sense,  is  to  aay,  that  a  boiler,  engine, 
water-wbeol,  or  other  machine,  '"rated"  at  a  certain  hors«-|K)W6r, 
should  he  capable  of  steadily  developing  that  horse-power  for  a  long 
period  of  time  under  ordinary  conditions  of  use  and  practice,  leaving 
to  local  custom,  to  the  judgment  of  the  buyer  and  wUer,  to  written 
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contracts  of  purchase  aiid  sale,  or  to  legal  ilecisions  upon  such  con* 
tracts,  the  interpretation  of  what  ia  meant  hy  the  term  "ordinary 
conditions  ofugtt  »iicl  practice."  (Trans.  A.  S.  M.  E.,  vol.  vii.  p.  «26.) 
Definitions  of  "Boiler  Horse-power." — The  question  of  defining 
the  '■  coninit'i'ciar'  horse-power  of  a  steam-boiler  was  considcrixl  by 
the  two  cotntnitU'e^  on  £Leani-hoiIt.'r  trials  {ISHo  and  18tfO}  uf  the 
American  Society  of  Mechanifjil  Kngineers.*  The  second  oonimittee 
{1S99)  ruporleU  on  this  snbjc-ct  as  follows  : 

The  Committee  rec-omraeuds  thnt,  as  far  as  possible,  the  capacity 
of  a  br>iler  be  exprt-jised  in  Wnns  of  the  '*  number  of  pounds  of  water 
evaiHjratcd  pur  hour  from  and  ut  21*3  degrees."  It  doos  not  seem  ex- 
pedieut,  howevi-r.  to  abamlou  the  widely-rocog^nized  meuiiuro  of  capac- 
ity of  stationary  or  land  boilers  expressed  iu  terms  of  "  boiler  horse* 
power." 

The  unit  of  commercial  boiler  horse-power  adopted  by  the  Com- 
mittee of  1885  wa.4  Uic  luune  oa  that  useil  In  the  rejwrts  of  the  boiler- 
tOBta  made  at  the  Centennial  Exhibition  iu  187C.  The  Committee  of 
IdHft  reports)  in  favor  of  this  standard  in  language  of  which  the  fol- 
lowing is  an  extra<;L : 

Yonr  Conwnittee,  aft*r  due  eousideration,  has  determined  to  ac- 
cept the  Centenniiil  sljiiidard,  and  to  ri'coniniend  that  in  all  standard 
trials  the  commensal  horse-power  he  taken  as  an  ovaiwration  of  30 
pounds  of  water  jht  hour  from  a  feed-water  temperature  of  100  de- 
grees Fahr.  into  steam  at  70  pounds  gauge-pressure,  which  sliall  be 
coiisidereil  to  be  equal  to  34^  units  of  evaporation;  that  ia,  tn  'Mh 
pounds  of  water  evaiw)rate<l  from  a  feed-water  temperature  nf  212  <le- 
grees  Fahr.  into  stotiFii  at  tlic  same  temperature.  This  standai-d  ia 
equal  to  33,305  thermal  units  per  hour, 

ITio  Committoo  of  1899  accepted  tlic  same  standard,  but  revei-sed 
the  order  of  two  clauses  in  the  statement,  and  alightty  modified  them, 
BO  OS  to  read  as  follows  : 

The  unit  of  commercial  horse-power  developed  hy  a  b<uler  shall  be 
taken  as  34V  units  of  evaponitiou  i>er  hour  ;  tliat  is,  344  pounds  of 
water  evaponiti.il  jier  hour  from  a  feed-w:iter  temperature  of  212  ile- 
grees  Fahr.  into  dry  steam  of  the  same  lem[>erature.  This  staiulard 
is  equivalent  to  33,317  llrilit^h  thermal  units  per  hutir.  Tt  is  also 
practically  t'jnivalont  to  an  eva|>oratiou  of  30  pounds  of  water  from  a 
feed-water  temperature  of  100  deg^rees  Fahr.  into  steam  at  70  pounds 
gAUge-prctisuTe.  f 


*  Trans.  A.  8.  M.  E..  Tola.  tE.  nnd  xxl. 

f  Accordion  to  the  tables  ia  Porter's  TmUse  on  tUo  RIob&rds'  Steun-en^De 
Indicator,  on  evKpuralioD  or  80  pounds  of  water  from  tOOdegrces  Fahr.  loto  slaam 
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The  Committee  also  indorsed  the  atatement  of  the  Committee  of 
181^5  concerning  ilio  commcicial  rating  of  boilers,  cbaoging  somewhat 
iU  wording,  so  us  to  read  as  foliowii : 

A  boiler  rated  at  any  6taU.-d  capacity  should  develop  that  capacity 
when  using  the  best  coal  ordinarily  sold  in  the  nnarket  where  the  boiler 
is  located,  when  tired  by  an  ordinary  tireman.  without  forcing  the  tiros, 
while  exhiljiliD^  good  economy  ;  and  further,  the  boiler  sliould  develop 
at  le»8t  oiK'-thIrd  more  than  the  stated  capwity  when  using  tlie  sntno 
fuel  and  n|ierat4><l  by  the  s-'tme  fireman,  the  fnll  draft  being  employed 
and  llio  firi'K  ht>ing  crowded  ;  tltc  avnilublo  draft  ut  tlio  damper,  unleBS 
otlierw  isc  undcn:<too<l,  being  not  \v:iA  tlian  ^  inch  water-column. 

Heasurei  for  Comparing  the  Duty  of  Boilers. — The  meaeure  of 
the  etticioncy  of  a  boiler  is  the  niimber  of  i>oiindij  of  water  evaporated 
|K.'r  (lound  of  combuiitible,  the  t;vu]K>rali(>n  being  reduced  to  the 
standiirtl  of  "  from  and  at  21'^"  *'  ;  that  is,  the  equivalent  evaporation 
from  fcL'd-n'utcr  at  a  loniperature  of  *^I'^'^  F.  into  steam  at  tlie  eazne 
lenijK'ratnro. 

'J"he  nieusui-c  of  the  capacity  of  a  boiler  is  the  number  of  pounds  of 
water  eva{>onLted  from  and  at  212°  V.  per  hour,  or  it  is  the  amount  of 
*' boiler  horse-powor"  developed,  a  ho  rue- power  being  defined  as  the 
evaporation  of  :t4|  lbs.  of  waler  i>er  hour  from  and  at  'JIS". 

The  measnro  of  relative  rapidity  of  steam  lug  of  boilers  is  the  num- 
ber of  poundsof  water  evaiK)n(t4>d  from  and  at  212"  per  hour  per  Bquure 
foot  of  water-heating  snrfaee. 

The  mcuMire  of  relative  rapidity  of  combustion  of  fuel  in  boiler- 
furnaces  is  Lite  number  of  pouuils  of  coal  buruud  per  hour  per  square 
foot  of  grate  surfricc. 

Froportioni  of  Orate  and  Heating  Surface  required  for  a  given 
Commercial  Horie-power.— (I  H.P.  =  lU.Ct  lbs.  from  and  at  212*  F.) 

Average  proportions  for  maximum  economy  for  laud  boilers  fired 
with  good  anthracite  coal: 

Ileating  snrfaoe  per  hurss-power 11.5  sq.  ft. 

Or«t*  "         ■'  " 1/8      " 

Ratio  of  heaiioK^  la  gntt  surfucA S4.5      " 

Water  evap'ri  from  and  at  312'  p«r  w^.  ft,  U.  B.  per  bopr    8     lbs. 
Couibustil>le  burned  per  H.  P.  per  boiir 8       " 

at  TO  |>Dund9  pressure  in  equal  lo  an  eraporation  of  84,488  poundn  from  and  at  213 
df-fcrr^n  ;  and  an  eraporation  of  84^  pound.s  frniii  aiiUat  313  (legr«fifl  Fnhr.  iseqttkl 
to  80,010  pounds  from  100  d^irfes  FaIit.  into  stKam  at  TO  poundft  pn>NSure. 

Th«  "unit  ot  evaporntlon  "  twiii^  oquiril«nt  to  9&S.7  tlieriaal  unfui,  the  oom- 
Diercial  liorw  power  =  84. &  X  1^60.7  ~  8^1817  tli--rmal  unfta. 
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Coal  Willi  1/6   r«<U80,  ll».  per  11.  P.  per  liour 3.8  Iba, 

Combuffllble  baruedper  ^.  ft.  ^ratff  pur  liour 9      " 

Cool  with  1/6  refaie,  lbs,  pvr  »q.  ft.  gratr  p«r  boar. ....  10.8  " 

Water  evBpM  fromaod  ai  312*  jivr  lb.  i-oDibiislible 11.5   " 

"  • crial  (1/0  refuse).,    fl.6   " 

Heating  Surface. — For  muximum  economy  with  any  kind  of  fuel  a 
boiler  should  be  proixirtioiied  so  that  iit  Iwst  oue  squaro  foot  of  heat- 
ing aurface  should  bu  givi-u  for  every  3  lbs.  of  water  to  be  evniioratod 
from  and  at  i\\i.°  F.  per  hour.  Still  more  tiboritl  proportions  are  re- 
quired if  a  portion  of  the  lieittiiig  surface  lias  its  efficiency  reiluoed  by: 
1.  Tendency  of  the  healed  gaaes  to  short-circuit;  that  is.  to  select  pas- 
sagea  of  least  resistjuice  jiud  How  through  them  with  high  velocity,  lo 
tbe  negtoct  of  other  luugiigee.  3.  Deposition  of  soot  from  smoky 
fuel.  3.  Incrustation.  If  the  heating  surfaces  are  clean,  and  the 
heated  gases  pass  over  ihcui  uniforuily,  little  if  any  increase  in  economy 
can  bo  obtained  by  increasing  the  beating  surface  beyond  the  propor- 
tion of  1  sq.  ft  to  every  3  lbs.  of  water  to  be  evaporated,  and  with  all 
conditions  favomble  but  little  decrease  of  economy  will  take  place  if 
the  proportion  is  1  sq.  ft.  to  every  4  lbs.  evapomted  ;  bnt  in  order  to 
provide  for  driving  of  llie  boiler  beyond  ita  rated  capacity,  and  for 
possible  decrease  of  efliciency  due  to  the  causes  above  named,  it  is 
better  to  adopt  I  sq.  ft.  to  3  lbs.  evaporation  per  hour  as  the  mini- 
mnni  standnnl  proportion. 

Where  economy  may  be  sacrificed  to  capacity,  as  where  fuel  is  very 
cheap,  it  is  cntttomary  to  proiwrtion  the  heating  sui'faco  much  loss  lib- 
erally. The  following  table  shows  approximately  the  relative  reKult« 
that  may  be  expected  with  different  rates  of  evaporation,  with  anthra- 
cite coal: 

Lbs.  wn(orevapnrat«<l  from  and  at  213*  per  sq.  ft.  beating  sorrace  p<tr  hour: 
S  3.0  8  8.9  4  5  fl  7  8  9  10 

Sq.  ft.  beatinfT  sarfaco  rcqalrvd  per  horse-power  : 
17.8        1S.8       11.5  0.8        8  6        6  8       0.8        4.0       4.3        8.8        8.5 

lUtio  of  beating  to  RTftle  "tnrfacc  If  ^  sq.  ft.  of  fl.  8.  is  required  pnr  FI.P.  : 
62         41.4       34.5         V9.4       26.8      30.4      17.4       13.7      12.0        11.4      10.5 

Probable  relaifre  foonomj  : 
100         100         90  08  05         93        88  64        80  75        70 

Probable  temperaturo  of  cbimney-gasea.  degrvea  P. : 
450  480        470  400         0:^0        080       660        TIO       770         860        dSO 

The  relative  economy  will  vary  not  only  with  the  amount  of  heat- 
ing snrface  per  horse-power,  but  with  the  efTiciency  of  that  heating 
surface  as  regards  its  capacity  for  trunsfer  of  heat  from  the  heat«d  gases 
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to  the  water,  which  wi]l  depend  on  its  freednm  from  aoot  and  incnu- 
tation,  and  npon  the  circutntioii  of  the  water  and  the  heated  gases. 

With  bituniiuous  coal  the  efiicicncy  will  largely  de^wnd  u[H>n  the 
thoroughness  with  wliicli  the  combnetion  is  effected  in  the  fiiruace. 

Tho  (>fficifn<-_v  with  any  kind  of  fuel  will  greatly  depend  upon  the 
amoant  of  air  supplied  to  the  ruriiHoe  in  excess  of  that  refjaired  to 
support  combustion.  With  strong  di-aft  and  thin  tires  this  excess  may 
be  very  great,  causing  a  serious  loss  of  economy.  This  subject  has 
bee7i  fully  discussed  in  Chapter  IX. 

Heasurement  of  Heating  Surface. — Anthoritie^are  not  agreed  as 
to  the  methods  of  measuring  the  heating  surface  of  steam-boilers.  The 
usind  rule  is  to  cutiiiidijr  us  heating  surface  ull  (he  surfjices  that  are 
sarronnded  by  water  on  one  side  and  by  tlame  or  heated  gases  on  the 
other. 

It  has  hitherto  been  the  cotnniou  practice  of  boiler-makers  to  con- 
sider all  snrfaoee  as  heating  surfiurps  which  transmit  lient  from  the 
flame  or  gases  to  the  water,  makiui;  no  allowance  for  different  degrees 
of  effectiveness ;  also,  to  use  the  external  inateiid  of  tho  internal 
diameter  of  tubes,  fur  grealtir  convenience  in  calculation,  tho  external 
diameter  of  boiIer-tub(?e  usually  being  miule  in  even  inches  or  half 
inches.  This  method,  however,  is  initccurate  in  the  cwse  of  n  tire- 
to  be  boiler,  for  the  trno  heating  surface  of  a  tire-tnbe  is  the  side  ex- 
posed to  the  hot  ^uses,  i.e.,  the  inuor  surface.  The  resistunce  to  the 
passage  of  heat  from  tlie  hot  gasos  on  one  side  of  a  lube  or  plate  to 
tho  water  on  the  other  consists  almost  entirely  of  tho  resistance  to  the 
passage  of  the  heat  from  the  gases  into  the  metal,  the  resistance  of  the 
metal  iti^olf  and  that  of  the  wetted  surface  being  pniotic.'illy  nothing." 

UrtE  for  finding  the  heating  surface  of  horizontal  tubular  boilers: 
Take  the  dimensions  in  inches.  Multiply  two-thirds  of  the  cin-nm- 
ference  of  the  siiull  by  its  length;  multiply  tho  sum  of  the  cirrnm- 
ferences  of  all  the  tubes  by  their  common  length;  to  the  sum  of  these 
products  luld  two-thirds  of  the  urea  of  both  tube-sheets;  from  ihift  sum 
subtract  twice  the  cumbiued  area  of  all  the  tubes;  divide  the  remainder 
by  144  to  obtain  the  result  in  square  feet 

KuLB  for  finding  the  heating  sxirfaee  of  vortical  tubular  boilers: 
Multii>ly  Die  circumference  of  tho  lire-hox  (in  iuclieK)  by  its  height 
above  the  grate;  mnltiply  the  combined  circumference  of  all  the  tubes 
by  their  length,  and  to  these  two  products  add  the  area  of  the  lower 
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tube^heet;  from  this  sum  subtract  the  area  of  nil  the  tubes,  and  divide 
by  144:  the  quotient  is  the  number  of  square  feet  of  heatlug  surface. 

KCLE  for  finding  the  square  feet  of  heating  surface  iu  tubes:  Multi- 
ply the  number  of  tubes  by  the  diameter  of  a  tube  in  inches,  by  ita 
length  in  feet,  uad  by  .2GIS. 

Horse-power,  Builder's  Rating.  Heating  Surface  per  Horse-power. 
— Il  is  :i  geuL'ml  jimctii-i;  aiiiuiiy  builders  to  furuisli  from  JU  to  12 
square  feet  of  heating  eurface  per  horse-power,  but  as  Uie  practico  is 
not  uniform,  bids  iind  contraijls  stionld  always  specify  the  amonnt  of 
heating  surface  to  be  furnished.  >i'ot  less  than  one-third  square  foot 
of  grate  surface  should  ordinarily  be  furnished  per  horse- power  in  otder 
that  the  boiler  may  be  able  to  develop  from  UO  to  50  per  cent  more 
than  its  stated  power  for  short  periods  in  emergencies;  but  a  smaller 
proportion  may  bo  sufficient  with  free-burning  coal  and  strong  draft. 
See  "  Grate  Surface,"'  below, 

Eiiyinetiring  News,  July  5,  1894,  gives  the  following  rough-and- 
ready  rule  for  finding  upproxiinutely  the  conuuerclal  horse-power  of 
tubularor  water-tube  boilers :  NumU^r  of  tubes  X  their  length  in  feet 
X  their  nominal  diameter  in  inches  -t-  oO  =  nLii  -h  50.     The  num- 


ber of  square  feet  of  surface  iu  the  tubes  is 


n  rrtiL      «  fM 


.  and  the  horse- 


12         3.bJ 

power  at  12  square  feet  of  surface  of  tubes  per  horse-power,  not  count- 
ing the  shell,  =  nLd  -i-  45.8.  If  15  squara  feet  of  surface  of  tnliesbe 
taken,  it  is  nLti  -i-  57.3.  Making  allowance  for  the  heating  surface 
in  the  shell  will  retluce  the  divisor  to  .ibont  50. 

Horse-power  of  Marine  and  LocomotiTe  Boilers. — The  term  horse- 
power is  not  peuerally  used  in  connection  with  boilers  in  marine  prac- 
tice, or  with  locomotives.  The  boilers  arc  designed  to  suit  the  engines, 
and  are  rated  by  extent  of  grate  and  heating  surface  only. 

Grate  Surface. —Tlie  amount  of  grato  surface  required  perhoree- 
])Ower.  and  tlie  proper  ratio  of  heating  surface  to  grate  surface  are  ox- 
tremely  variable,  depending  chiefly  upon  the  character  of  the  coal  and 
upon  the  ra(i>  of  draft.  With  goo<l  ooal,  low  in  ash,  appro xiTrmtely 
equal  results  may  be  obtained  with  large  grate  surface  and  light  draft 
and  with  small  grate  surface  and  strong  draft,  the  total  amount  of 
coal  bnrnod  per  hour  being  thft  same  in  both  cases.  With  good 
bituminous  coal,  like  Pittsburg,  low  in  ash,  the  best  results  apparently 
are  obtained  with  strong  draft  and  liigh  rates  of  combustion,  pro- 
vided the  grato  surfaces  are  cut  down  so  that  the  total  coal  burned  per 
hour  is  not  too  great  for  the  capacity  of  the  lieating  surface  to  absorb 
the  heat  produced. 
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With  coals  high  in  ash,  (specially  if  the  ash  is  easily  fusible,  tend- 
ing to  choke  the  grates,  large  grate  surface  and  a  slow  rate  of  com- 
bustion are  rei|uirei],  unless  means,  sueh  as  sliakiiig-grates,  are  pro- 
yided  to  get  rid  of  the  ash  as  fast  as  it  is  made. 

The  amouut  of  grate  surface  required  per  horse-power  under  vari- 
ous conditions  may  he  estimated  from  the  following  table: 


Oom]  coal 
and  builer. 

Fair  coal    or 
boiler, 

I^xtr   coal  or 
bollnr. 

U^iiie  and 
poor  boiWr, 


8.45 


10 


fouDtb  of  LVmU  burned  per  Fqiura  foot  oC  Onto 
p«r  Itour. 


10 


IX    I   19  I  W    I  »    j  SO    I  SS    I  W 


Sq.  FU  Urat«  per  H.P. 


.54' 
.62 

.73 

.86 

1.25 


.861  .SS 

.2.S 

.17 

.14 

.11 

.10 

.881  .33 

.'i6< 

.IV 

.15 

.18 

.11 

.4oi  sa 

.2(3 

.20 

.IS 

.1» 

.12 

.48'  .se 

:iti 

.3^ 

.17    .14 

.18 

Ait   .411  .33 

.84 

.2(1 

.17 

.14 

.no  .4£  .84 

.W 

.•Jll 

.17 

15 

.08  A»\  .S8|  .Sfi 

.n 

,\V 

.17 

.00    -SH,  .4ei  .3& 

.a« 

.\iS 

.32 

i.oo  -sa 

.67 

.50 

.40 

.ss 

.80 

.10 
.10 

.11 

.IS 
.18 
.14 
.17 

,•26 


In  designing  a  boiler  for  a  given  set  of  conditions,  the  grate  surface 
eliould  be  made  as  liberal  us  possible,  say  Biifficicnt  for  a  rate  of  com- 
bustion of  10  Wts.  per  square  foot  of  grata  for  anthracite,  and  15  lbs. 
per  square  foot  for  bituminous  coal,  and  in  practice  a  portion  of  tlio 
grate  surface  may  be  bricked  over  if  it  is  found  that  Ihodiiift,  fuel,  or 
other  conditions  render  it  advisable.  In  earlier  times,  when  plain 
cylinder  and  two-flue  boilers  were  in  common  use.  it  was  customary 
to  have  a  ratio  of  say  1  to  20,  or  1  to  25,  of  grate  heating  surface. 
With  very  slow  rates  of  combustion  these  proportions  gave  a  fair  degree 
of  economy,  but  as  boilers  were  driven  fiister,  the  economy  fell  off,  and 
the  loss  of  heat  in  tlie  chiuiney-gases  became  excessive.  This  was  cor- 
reeled  by  the  introduction  of  horizontal  tubular  boilers,  in  which  the 
grate  surfiice  remiilning  the  same,  the  extent  uf  heating  surface  was  in- 
creased  until  the  ratio  of  grate  to  heating  surface  liecame  I  to  30.  When 
water-tube  boilers  came  largely  into  use  it  was  found  that  the  Iiigliest 
economy  could  be  obtaiued  with  a  ratio  of  1  to  40  or  1  to  fiO.  In 
recent  years  it  has  become  quite  common  to  pile  np  heating  surface  on 
a  given  area  of  grate,  so  that  ratios  of  1  to  60  nro  not  infrequent.  Tlic 
evident  advantage  of  such  a  ratio  is  that  it  enables  a  given  horse-power 
to  be  built  on  asmaller  grouud*spiu;e  tbau  before,  and  by  using  tubes  18 


feet  lung  inateud  of  14,  and  piling  tubes  10  or  15  rows  high  iust«ad  of 
7  or  8,  the  first  cost  of  a  piven  horse-power  is  reduced.  With  anthra* 
cite  egg  coal,  or  with  somi-bitu  milieus  conl  tow  in  ash,  nnd  witlk  u  strong 
draft,  no  disadvantage  resulte  from  thin  method  of  construction;  but 
with  poorer  coals,  siieli  us  pea,  buckwheat,  and  rice,  aud  the  biluniiuoua 
coals  of  Western  States,  high  in  moisture,  sulphur,  and  ash,  there  is  a 
must  serious  disadrantage,  namely,  that  of  cutting  down  the  working 
pjipacity  of  the  boiler.  A  water*tiibc  boiler  with  2300  sq.  ft.  of  heating 
surface  and  46  sq.  ft,  of  griite  surface,  haring  a  ratio  of  50  to  l.iind  rated 
at  200  H.V.,  may  easily  be*  driven  with  scini-bitumiikous  or  with  Pitte- 
burg  coal,  the  ilraft  being  suf^cient,  to  over  300  II.  P.,  while  with  a 
poor  grade  of  Illinois  coal,  or  with  buekwhcut  anthracite,  it  would  bo 
difficult  to  drive  the  boiler  up  to  its  rating.  With  ordinary  grates  and 
hand-firing  with  such  coats,  increasing  the  draft  beyond  a  certain 
amount  does  not  increase  tlio  ooal-burning  ca[iacity.  for  rapid  driving 
only  causes  the  ash  toaccumnluto  more  rapidly  and  to  fuse  into  clinker, 
choking  the  draft  through  the  coal  and  necessitating  frequent  clean- 
ing. Shaking-grales  may  remedy  the  trouble  to  some  extent,  but  the 
best  remedy  is  an  incrcaso  of  the  area  of  grate  surface  and  a  slower 
rate  of  combustion. 

In  drawing  specifications  for  bids  upou  boilers  it  is  quite  as  essen- 
tial that  the  extent  of  grate  stirfiice  should  be  specified  as  the  extent 
of  heating  surface,  especially  when  the  coal  to  be  used  is  of  a  poor 
quality.  When  two  comjieting  boilermakers  offer  boilers  of  the  same 
type  and  the  same  extent  of  heatiug  surface,  that  one  should  be  pre- 
ferretl,  other  things  being  equal,  which  has  the  larger  grace  surface. 
U  may  be  driven  to  a  greater  capacity  than  the  other,  to  meet  emer- 
gencies, or  it  will  give  the  same  capiicity  with  a  poor  gra<le  of  coal  that 
the  other  will  give  with  bettor  coal.  Too  large  a  grate  surface  is  an 
evil  that  may  easily  be  remedied,  by  shortening  the  grates,  but  too 
small  grate  surface  noci-esitates  tho  use  of  the  higher  priced  coals,  en- 
tails more  labor  in  liandling  fires,  more  frequent  cleaning  of  firea,and 
coni^equent  loss  of  economy. 

Boilers  are  usually  sold  on  the  basis  of  rated  horse-power,  from  10 
to  13  square  feet  of  heating  surface  being  takmi  as  equivalent  to  a 
horsfr-power^  but  of  two  boilers,  each  of  the  same  rating  on  this  basia, 
but  one  having  say  40  sq.  ft.  of  grate  and  the  other  60,  the  latter, 
with  a  poor  grade  of  coal,  will  develop  almost  50  per  cent  greater 
power  than  the  former  and  will  give  almost  (he  same  economy.    With 


a  freebtiniing  coal,  low  la  osb,  aud  lunplo  draft>  the  boiler  with  40  sq. 
tt.  of  grute  miiy  derelop  3U  or  4U  per  cent  ubove  its  rating,  and  th» 
one  with  GO  sq.  ft.  nearly  100  per  cent  above  niting,  but  in  this  case, 
the  boiler  with  l:irge  grate  surfiice  will  show  a  groat  loss  of  economy, 
because  it  is  overdriven. 

Proportions  of  Areas  of  Flues  and  other  Gas-passages. — HuW  are 
aometinio*!  given  making  the  area  of  g;i*-piuj8;tgfs  bear  a  certain  ratio 
to  the  area  of  the  grate  surface;  thns  a  conimou  rule  for  Lorizuuiitl 
tubular  boilen*  is  to  make  the  area  over  liie  bridge  wall  |  of  llie  gntto 
surface,  the  flue  area  ^,  and  cbininey  area  |. 

For  average  conditions  with  anthrrtcite  coal  and  moderate  draft, 
say  a  rate  of  combiifition  of  12  lbs.  cojil  jw;r  scjuare  foot  of  grate  per 
hour,  and  a  ratio  of  heating  to  grate  (tiirfact;  of  ^U  to  1,  ibis  rule  is  ae 
good  as  any,  but  it  is  evident  that  if  the  draft  were  increased  bo  as 
to  canse  a  rale  of  combuBtion  of  24  lbs.,  re^iuiring  the  grate  Burfjwo  to 
be  cut  down  to  a  ratio  of  60  to  1,  the  areas  of  gas-passages  sliould  not 
be  reduced  in  proimrtion.  The  nmouut  of  coal  burned  i»er  hour  being 
the  name  under  the  changed  couditioufi,  and  there  being  no  reason 
why  the  gasea  should  travel  at  a  higher  velocity,  the  actual  areas  of  tho 
passages  !«)iould  remain  as  before,  but  the  ratio  of  the  area  to  the  grate 
surface  would  in  that  cose  bo  doubled. 

Mr.  Uarrua  stjitos  that  tbu  highest  eflicieucy  with  anthracite  coal  is 
obtained  when  the  tube  area  is  \  to  ^\  of  the  grat-e  surface,  and 
with  bituminous  coal  when  it  is  J  to  4.  for  the  conditions  of  medium 
rates  of  combufltion,  such  as  10  to  12  lbs.  per  square  foot  of  grate  per 
honr,and  12  square  feet  of  heating  surface  allowed  to  the  horse-iwjwer. 

The  tube  area  aliould  be  made  large  enough  not  to  cholie  the 
draft,  and  so  lesj>en  the  capacity  of  the  boiler;  if  made  too  largo  the 
gasea  are  apt  to  select  the  passages  of  least  resistance  and  escape  from 
them  at  &  high  velocity  and  high  temperatiu-e. 

This  condition  is  very  commonly  found  in  horizontal  tubular 
boilers  where  the  gases  go  chiefly  through  the  upper  rows  of  tubes; 
sometimes  also  in  vertical  tubular  boilers,  when>  the  gases  are  apt  to 
pass  most  rapidly  through  the  tubes  nearest  to  the  centre.  It  may  to 
some  extent  bo  remedied  by  placing  rctarders  in  those  tubes  in  which 
tho  gasee  tnivol  the  quickest. 

Air-pasiages  Through  Oratebars. — The  usual  practice  is  to  make 
the  air-opeiiifig  wjual  to  ^0%  to  504  of  the  area  of  the  grat*;  the 
larger  the  bettor,  to  ovoid  stoppage  of  the  air-snpply  by  clinkor;  bnt^ 
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with  coul  free  from  clinker,  miicli  siualler  uir-space  may  be  used  with- 
out (ietriiuent.      See  "Grate-bars,"  in  Chap.  VII.  page  151. 

Performance  of  Boilers. — Tlie  pcrforinunce  of  a  stwini-boilcr  com- 
priaes  both  its  capucity  for  geueraliug  steam  and  its  t-coiioniy  of  fuel. 
Capacity  depends  upon  eizo,  both  of  grate  surfac*  and  of  heating' 
Burface,  nponthe  kind  of  coal  burned,  upon  the  draft,  and  also  upon 
the  economy.  Kcouoniy  of  fuel  de]>euds  upou  tlje  complctene^B  with 
which  the  coal  ia  buniw]  iu  tbe  furnace,  upon  the  proper  regulation  of 
the  air-8iipply  to  the  amount  of  coitl  burned,  and  upon  the  tliorough- 
neas  with  which  the  boiler  absorbs  the  bent  gcnenitod  iu  the  furuace. 
The  absorption  of  huat  depends  upon  t]io  extent  of  heating  surface  in 
relation  to  the  amount  of  coal  burned  or  of  water  evajjorated,  upon 
the  arnmgenieut  of  the  gas-pasaagca,  aud  U[)on  the  ck-aunciis  of  tlie 
surfaces.  The  capacity  of  u  boiler  may  increase  with  increase  of 
eoonomy  when  this  is  due  to  more  thorough  combustion  of  the  coul  or 
to  better  itiguhttiou  of  the  uir-sup]>ly,  or  it  may  incrcnfio  at  the  expense 
of  economy  when  the  increiwed  capacity  is  due  to  overdriring,  causing 
an  increase*!  loss  of  heat  iu  tlie  eh imuoy -gases.  Tlie  relation  of 
capacity  to  economy  is  therefore  u  complex  one,  dependiug  on  many 
Tanable  conditions. 

Many  attempts  have  been  made  to  construct  a  formula  expi'easing 
the  relation  hotwoen  capacity,  rate  af  driving,  or  erajwration  per 
square  foot  of  heating  surface,  to  the  economy,  or  eraporution  per 
pound  of  combustible;  but  none  of  them  can  be  considered  satisfactory, 
since  tliey  make  the  ccouomy  dci>end  only  ou  the  rat*  of  driving  (a 
few  soKuIIed  "constjiuta,"  however,  being  introduced  in  some  of  them 
for  different  classes  of  boilore),  kinds  of  fuel,  or  kind  of  draft),  and 
fail  to  take  into  eousideration  the  numerous  other  conditions  upou 
which  ecouoroy  depends.  Such  formula  are  Rankino's,  Clark*B, 
Emerv's.  Isherwood's.  (^nri)euter's,  and  Ha!e*8.  A  discussion  of  them 
all  may  be  found  in  Mr.  B.  S.  ITalp'«  paper  ou  "Efficiency  of  Boiler 
Heating  Sarface,"  in  Trans.  Am.  Soc  M.  E.,  vol.  XTiii.  p.  328,  Mr. 
1I:th>';g  formula  takes  into  account  the  effect  of  radiation,  wliich  re- 
duces the  economy  considerably  when  the  rate  of  driving  in  less  than 
3  lbs.  per  square  foot  of  heating  surface  per  honr.  The  author's  for- 
mula,  in  which  the  eflloieucy  is  shown  to  be  a  function  of  six  different 
variables,  is  gireu  in  the  chapter  on  i^Hicieucy  of  Heating  Surface. 
^Formulas  13, 14,  and  15,  page  319.) 

Bange  of  Reiolti  Obtained  from  Anthracite  CoaL — Selecting  the 
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Lto.Vtatei-  Evaporated  per  sq.ft.  of  Hearing  Surface  per  Hour 

Fio.  107.— Rkbdltb  of  Tkbts  with  Anthracitk  Coai.. 

under  exceptionul  coudilione,  Buch  aa  obtained  in  the  C'entonuiul  Umu. 
and  the  Mcond  nnder  the  beet  conditions  of  ordinar)-  practioo  (Truis. 
Am.  Soc.  M.  K.,  vol.  xviii.  p.  354).     From  these  curves  the  following 
figures  ure  obtained : 

Lbi.  WRter  evapnrAted  rrom  and  at  312'  per  sq.  ft.  boating  fmrfncn  per  hour  : 

Lbs.  water  eraporatod  from  and  at  313*  per  lb.  coinl>itti1i>>t<<i : 

C«-iilenRis1 13.       13.1       13.1       Vi.        11.85  11.7       U.4S  10 »      9.8    8.fi 

Barras 11.65  1165    11.05     11.4       11.2     lU.On    lU.e      B»      9.8    8.5 

Avg.  Cent'l 1S.0    ll.ft      11.3       10.8      10.4     10.0        9.6     8.ti      8.0    7.3 

The  fSffures  iu  the  hist  line  are  taken  from  a  BlraiKlit  line  drawn  ha 
nearly  as  posaiblt;  tbroujjh  tlie  uvomgc  of  ibe  plotting  of  all  the  Cen- 
tennial testa.     The  poorest  re«iilt>  are  far  below  tln»4o  ii^ireg.     It  is 
evident  that  no  formula  can  bo  C0Q6t7Uct«d  that  will  expr&ss  the  rel»- 
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tioa  of  economy  to  rate  of  driviug  od  well  as  do  the  three  lines  of 
fignres  given  abore. 

The  following  table  gives  the  prinoipal  results  obtained  id  the 
economy  trials  at  the  Contcnuial  Exiiibition,  together  with  the  capacity 
and  economy  figures  of  the  capacity  trials  for  comparison:  * 
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The  comparison  of  the  economy  and  cflpacity  trials  Bhoivp  that  an 
arerage  increase  in  capacity  of  3(1  per  cent  was  attended  by  a  decrease 
Ui  economy  of  8  pur  cviit,  but  the  relulion  of  econumy  lo  rate  of 
driving  vitried  greatly  in  the  different  boilers.  In  the  Kelly  boiler  an 
increase  in  capucity  of  S'-i  per  r^ent  was  attended  by  a  decrease  in 
economy  of  over  18  per  cent,  while  the  Hmith  boiler,  with  an  increase 
of  Sft  percent  in  capacity  showed  a  slight  increase  in  economy.  The 
results  are  plotted  on  the  diHgram,  Fig.  107. 

Fur  iiomi-bitumiaous  and  bituminous  coals  the  relation  of  economy 
to  the  I'lite  of  driving  follows  the  same  general  law  that  it  does  with 
anthracite,  i.e..  that  buyoiid  a  rate  of  evaporation  of  3  or  4  Jhs.  per 
|Bq.  ft,  of  heating  siirfaoo  per  hour  there  is  a  decrease  of  economy,  bnt 
the  figures  obtained  in  dilTerent  tosts  will  show  a  wider  range  between 
maximum  aad  average  results  on  account  of  the  fact  that  it  is  more 
difficult  with  bitnininons  than  with  anthracite  coal  to  secure  complete 
combustiou  iu  the  furnace. 


*  Rf'porU  lui^l  AnranlnOroup  XX.  Tntc^roKlional  Eililbitlon.  PblU..  1870;  «lio» 
CUrk  OQ  the  StMm*«Qf^«,  vol.  i.  p.  2AS. 


Thk  boilers  which  have  been  describe  and  illustrated  in  chapter  X 
incltidc  all  tbo  t}i)es  which  are  extensirely  used  iu  land  practice  in 
the  United  States.  They  offer  etiough  variety  to  satisfy  the  ideu  or 
prejudices  of  all  olassoa  of  purnhugers.  Boilers  of  each  of  these  types, 
more  or  less  modified,  with  one  or  two  exceptions,  are  made  by 
more  tliau  one  biiihler,  ihu  fundamental  patents  on  all  of  them 
having  expired,  and  c^ompotition  between  rival  builders  is  so  intense 
that  any  kind  of  boiler  may  now  be  porcha&ed  at  a  elight  advance 
over  its  oosl  to  the  builder.  The  factory  cost  has  also  been  greatly 
rednced  by  the  introduction  of  iaiprovtKl  machinery  and  by  the 
reduced  prices  of  raw  material.  It  would  l>e  ont  of  place  here  to 
recommend  any  one  tvpe  of  boiler  ae  superior  to  any  other,  hut  fnome 
ideas  may  be  ^iven  in  regard  to  the  good  and  bad  "points  "  of  boilers 
in  general,  which  may  be  of  assistance  to  an  intending  purchaser  or 
an  engineer  who  is  confused  by  the  conflicting  statementji  of  rival 
builders  or  salesmen. 

Selecting  a  New  Type  of  Boiler. — The  problem  of  selecting  a  new 
form  of  boiler  to  replace  one  of  an  old  type  is,  to  the  averagi'  steam- 
user,  one  of  considerablB  difficulty  on  account  of  the  vant  variety  of 
styles  that  are  now  offered  in  the  market,  and  the  conflicting  state- 
iiionta  of  rival  builders.  The  evolution  of  the  steam-boiler  has  dow 
reached  a  period  of  extreme  confusion,  in  which  diversity  of  form  is 
the  leading  feature.  In  other  lines  of  engineering  we  have  reached 
standard  types  which  are  accepted  the  world  over  ae  being  the  l>est 
available.  Thus  there  has  been  no  radical  change  in  the  type  of  loco- 
motive  for  fifty  years.  Tho  Scotch  boiler  is  in  almost  universal  um 
for  marine  purposes.  For  transatlantic  steamships  and  for  high-duty 
pnmpiug-engineSr  scarcely  any  other  kind  of  an  engine  than  a  vcrtioal 
triple-expansion  engine  would  be  thought  of.     The  Corliss  engine  has 
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b«en  accepted  as  the  standard  high*clas8  eugine  Tor  land  purposes  fur 
forty  years.  But  in  loud  boilers  we  not  only  have  the  variety  of  styles 
ehowu  in  tlie  tablu  already  given  of  percentages  of  ditlereiit  styles 
used  in  several  cuaulrttis  of  Kurope,  but  in  the  United  Slates  there  is 
a  continual  procession  of  new  forms  through  the  Patent  Office,  of 
which  enough  find  builders  and  advertisers  to  continnally  add  to  the 
existing  confusion. 

The  claims  made  for  these  new  forms  of  boilers  are  generally  in 
inverse  ratio  to  iheir  merits.  The  following  are  extracts  from  adver- 
tisements in  a  single  issue  of  one  trade  journal  in  February,  189T: 

No.  1. — Wo  guarantee  you  n  saving  of  from  10  to  25  per  cent  with 
equal  horsepower,  or  an  iucrease  of  horse-power  of  from  10  to  25  per 
cent  with  the  same  fuel  if  yon  uBe  the steam -generator. 

No.  'Z. — The  circnlution  positively  prevents  scale. 

No.  'S. — The  best  boik-r  ever  built,  combining  many  points  of  merit 
not  contained  in  any  other  boiler.  Will  evupomte  the  largest  amount 
of  water  per  pound  of  coaL 

No.  4. — Is  an  efficiency  of  30  per  cent  above  all  others  of  interest 
to  yon  ?    Send  for  })artieulars. 

No.  5. — An  evaporation  of  14.66  lbs.  of  water  from  and  at  213° 
per  pound  of  combnstible. 

It  is  worthy  of  note  that  none  of  the  large  boiler  companies^  who 
have  reputations  established  for  many  years,  advertise  iu  this  manner, 
and  of  the  boilera  which  are  advertised  in  the  above  extracts,  not  one 
has  any  exceptional  merit  which  would  warrant  \U  being  s^lectod  in 
preference  to  the  best  of  the  older  and  better-known  boilers.  It  is 
•imply  impossible  timt  any  one  of  these  new  boilers  can.  iu  an  accurate 
test,  evaporate  H.fifi  Ih-i.  of  wnter,  from  and  at  OTJ",  per  lb,  of  t'om- 
bnstible  (if  cuul  is  ust-d  ai<  fuel,  it  might  do  this  and  more  with  petro- 
leum), or  that  any  one  of  them  can  show  10  per  cent  better  economy 
than  a  well -proportioned  boiler  of  older  form,  or  that  any  kind  of  cir- 
culation can  kopp  a  boiler  free  from  scule  or  from  deposits  of  solid 
matter  if  the  water  contAins  scale-forming  miiteriul. 

1'be  morul  Is  this:  Do  not  place  any  reliance  in  the  advertisement 
of  a  boiler  which  cinims  that  it  is  superior  to  all  other  boilers  in  fuel- 
economy  or  iu  prevention  of  icale.  The  largeet  and  most  successful 
boiler  concerns,  who  make  as  good  boilerfi  as  have  ever  been  tuadc.  or 
are  likely  to  be  nimle  for  some  years  to  come,  do  not  advertise  in  this 
-way. 

Economy  of  Fuel. — Let  it  be  assumed  that  all  the  boilen  offered 
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for  choice  are  built  by  niakora  of  good  ropute,  that  the  quality  of  ma- 
terial and  vorkinanship  Is  beyond  qnestion,  and  that  the  dimensioDf: 
and  Hrmiigciupnt  of  ail  llie  purta  are  su  chosen  that  tliey  are  all  equally 
safe  to  resist  a  bursting  ]>re5sure.  These  eeseutials  of  good  boiler  oon- 
stmction  may  be  secured  with  any  uf  the  types  described,  by  hartng^ 
the  t^pccitications  properly  drawn  and  by  rigid  inspection  of  the  mate- 
rial and  workuiauship.  The  economy  of  fuel  which  may  be  obtained 
with  any  boiler  does  not  depend  upon  the  type  of  boiler,  but  np<in  ita 
proportions,  such  as  the  amount  of  heating  and  grate-surface  furnished 
for  a  given  horae-power,  upon  the  kind  of  furnace  used,  mid  upon  the 
arrangement  of  the  gas-paesages  so  as  to  cause  the  gas  to  give  up  as 
largo  a  percentage  of  ita  heat  as  possiblo  to  tlio  lieating  surface. 
These  are  matters  of  onginooring  design  with  any  typo  of  boiler,  and 
any  boiler  may  have  them  so  arranged  as  to  cause  it  to  give  as  high 
an  economy  of  fut*]  as  is  possible  with  any  other  boiler.  Questions 
that  arise  under  this  head  in  i-egard  to  any  boiler  are:  1.  Is  the  grate- 
surface  sufficient  for  burning  the  inaxiruuui  quantity  of  coal  expected 
to  be  nsed  at  any  time,  taking  into  consideration  the  available  draft, 
the  quality  of  tljc  coal,  its  percentage  of  asfi,  whether  or  not  the  ash 
tends  to  run  into  clinker,  and  the  facilities,  such  as  shaking  grates, 
for  getting  rid  of  the  ash  or  clinker?  2.  Is  the  furnace  of  a  kind 
adapted  to  bum  the  particular  kind  of  cop.\  used  ?  'S.  Is  the  heating 
surface  of  extent  $iiflictent  to  absorb  so  much  of  the  heat  generated 
that  the  gases  escaping  into  ttie  chimney  shall  t>e  reasonably  low  iti 
teuiporatnre,  say  not  over  400"  F.  with  antliracite  and  500"  F.  with 
bituminous  coal?  4.  Are  the  gas-paasoges  so  designed  and  arranged 
08  to  compel  the  gas  to  traverse  at  a  uniform  rate  the  whole  of  the 
heating  surface,  not  being  so  large  at  any  point  as  to  ullow  the  gas  to 
find  a  path  of  leant  resistance  or  be  short-circuited,  or,  on  the  other 
hand,  so  contracted  at  any  point  as  to  cause  an  obatruction  to  the  draft? 
These  questions  being  settled  in  favor  of  any  given  boiler,  and 
they  may  be  answered  favorably  for  boilers  of  any  of  the  modern 
ty|>c8  already  described,  provided  the  furnaces  and  iKtiJers  are  prop- 
erly designed,  the  relative  merits  of  the  different  types  may  now  be 
conaiiiored  with  reference  to  their  danger  of  explosion:  their  probable 
durability;  the  character  and  extent  of  repairs  thitt  may  be  needed 
frf)m  time  to  time,  and  the  difficulty,  delay,  and  expense  that  these 
may  entail;  the  accessibility  of  every  part  of  the  boiler  to  inspection^ 
iutcruat  and  external;  the  facility  for  removal  of  mud  and  scale  from 
every  portion  of  the  inner  surface,  and  of  dust  and  soot  from  the  oi» 


terior;  the  water-  and  ateum-capacity;  the  steadiness  of  water-level; 
and  the  arrange  menu  for  eecuriiig  dry  aleain. 

Each  one  of  the  points  above  referred  to  should  be  considered 
carefully  by  the  intending  pnrcliaser  of  any  type  of  boiler  with  which 
be  is  not  familiar  by  cjperiuncc.  The  several  points  may  be  consid- 
ered more  in  detail. 

Danger  of  Explosion.— All  boilers  may  be  exploded  by  over-preas- 
ure,  Biich  as  might  be  caused  by  the  combination  of  an  iniittenltve 
fireman  and  an  inoperative  safety-vake,  or  by  corrosion  wcukouing 
the  boiler  to  sncU  an  extent  as  to  make  it  unable  to  resist  the  regular 
working  presaurp;  but  Bomc  boilers  are  much  more  liable  to  explosion 
than  otheiB.  In  considering  th<?  probability  of  explosiun  of  any  boiler 
of  recent  design,  it  is  well  to  study  it  to  discover  whether  or  not  it  hjis 
any  of  the  foatnrcs  which  are  known  lo  be  dangerous  in  the  plaiu 
cylinder,  the  horizontal  tubular,  the  vertical  tubular  and  the  locomo- 
tive boilers.  The  plain  cylinder  boiler  is  liable  to  explosion  from 
strains  induced  by  its  method  of  suspension,  and  by  changes  of  torn. 
poratnrc.  Alternate  expansion  and  contraction  may  produce  a  Hue  of 
weakness  in  one  of  the  rings,  which  may  finally  cause  an  explosion. 
A  boiler  should  be  so  suspended  that  all  its  parte  are  free  to  change 
their  position  under  rhangesof  temperature  without  straining  any  part. 
The  circulation  of  water  in  tlic  boiler  should  bo  sufliclent  to  keep  all 
parts  at  nearly  the  same  temperature.  Cold  feed-water  should  not  bo 
allowed  to  come  in  contact  with  the  shell,  as  this  will  cause  contrac- 
tion  and  strain.  The  horizontal  tubular  b4>iler,  :ind  all  externally 
fired  shell  Ijoilers.  are  liable  to  explosion  from  overheating  of  the 
shell,  due  to  aei^umulation  of  mnd,  scale  or  grease  ou  the  portion  of 
tbeshnll  lying  directly  overthefire;  to  a  double  thickness  of  iron,  as  at 
a  lap-joiut,  together  with  some  scale,  over  the  fire;  or  to  low  water 
nncoveriiig  and  exfmstng  an  unweitu^l  part  of  the  shell  directly  to 
the  hot  gjises.  Vortical  tubular  boilers  are  liable  to  explosion  from 
deposits  of  mnd,  scale  or  grease  upon  the  lower  tube-sheet,  and 
from  low  water  allowing  the  apper  part  of  the  tubes  to  get  hot  and 
eease  to  act  as  stays  to  tlie  upper  tube-sheet.  Locomotive  boilers  may 
•xplode  from  dejiosits  ou  the  crown-sheet,  from  low  water  exposing 
the  dry  crown-sheet  to  the  hot  gases,  and  from  corrosion  of  the  stay- 
bolts.  Double-cylituler  boilers,  surh  as  the  French  elephant  Iwjler, 
and  the  boilers  used  at  some  American  blast-furnaces,  have  exploded 
on  account  of  the  formation  of  a  "  steam-pocket"  on  the  upper  por- 
tion of  the  lower  cylinder,  the  steam  being  prevented  from  escaping  bj 


the  lap-joiiit  of  one  of  the  rioga,  tbua  making  a  layer  of  steam  about 
^  inch  thick  agaiufit  the  shell  which  was  directly  ezpoHed  to  ihe  hot 
gases. 

The  above  mentioned  are  only  a  few  of  the  cauBes  of  explosions^ 
but  they  are  the  principal  ones  thai  are  due  to  features  of  design, 
These  features  shunhl  be  looked  for  in  any  new  style  of  boiler,  and  if 
they  aro  found  they  should  be  considered  elements  of  danger.  Soch 
queKticns  as  the  following  may  he  asked  :  Is  the  method  of  suspen- 
sion or  the  boiler  snch  aa  to  allow  its  party  to  be  free  to  move  under 
changes  of  temperature?  Is  the  circulation  such  us  to  keep  all  parts 
at  practically  the  same  temperature?  la  there  a  shell  with  riveted 
seunis  e.Ypo8ed  to  the  fire?  Is  there  a  slicll  exposed  to  the  fire  which 
may  at  any  linte  be  uuoovcred  by  water  or  be  covered  with  scale?  Is 
there  a  crown-sheet  on  which  scale  may  lodge  ?  Are  there  sufficient 
facilities  for  the  removal  of  scale?  Are  there  vertical  or  inclined 
tubes  acting  as  st&ys  to  an  upper  sheet,  the  upper  purt  of  which  tubes 
may  become  overheated  in  case  of  low  water?  Are  there  any  stayed 
sheets,  the  stays  of  which  are  liable  to  herome  cnrroiled  ?  Is  there  any 
chiince  for  a  stcani-pocket  to  be  formed  on  a  sheet  which  is  exposed 
to  the  fire? 

In  addition  to  the  ah nvo- mentioned  features  of  dedgn,  which  are 
elements  of  danger,  all  boilers,  ns  already  stated,  arc  liable  to  explosion 
due  to  corrosion.  Internal  corrosion  is  usually  due  to  acid  feed  water, 
or  to  very  pure  feed-water  containing  dissolved  air,  and  all  boilers 
are  equally  liable  to  it.  External  corrosion,  however,  is  more  liable 
to  take  place  in  some  designs  of  boilers  than  in  otlicrs,  and  in  ttnme 
locations  rather  than  in  others.  If  any  portion  of  a  boiler  is  in  a 
cold  and  damp  place,  it  18  lial^le  to  rust  out.  Fur  this  reason  the  mud- 
drnins  of  many  modern  forms  of  l)oiler8  are  mode  of  cast  iron,  which 
resists  rnstinjr  better  than  either  wrought  iron  or  steel.  If  any  part 
of  a  boiler,  other  than  a  part  made  of  cast  iron,  is  liable  to  be  exposed 
to  a  rold  and  damp  atmosphere,  or  cort>red  with  dainj)  soot  or  oshea, 
or  expnfied  to  drip  fmm  rain  or  from  leaky  pipes,  and  especially  if  such 
part  i.s  hidden  by  brickwork  or  otherwise  so  tnut  it  cannot  be  inspect- 
ed,  that  part  ift  an  element  of  danger. 

Durability.— The  question  vt  durability  is  partly  covered  by  that 
of  danger  of  explosioii,  which  has  tilready  been  discussed,  hut  it  also  is 
recited  to  the  question  of  incrustation  and  scale.  The  plutcs  and 
tiibeH  of  a  boiler  may  be  destroyed  by  internal  or  external  corrosion^ 
bat  they  may  aUo  be  burned  out.     It  may  be  regarded  as  impossible 
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to  burn  a  plat«  or  tube  of  iron  or  steel,  no  matter  linw  high  the  tem- 
perature of  the  flame,  praviOed  otio  side  of  the  metid  is  covered  with 
water.  U  a  steam-pocket  is  formed,  so  tlint  tlie  water  does  not  touch 
the  metal,  or  if  there  is  u  hijer  of  grease  or  hard  scale,  theii  the  plate 
or  tube  may  be  btiitied.  In  u  wuter-tube  wliioli  is  horizontal,  or 
nearly  so,  aud  in  which  the  circulation  of  water  is  defective,  it  is  pos- 
sible to  form  a  mjiss  of  steani  which  will  drive  the  water  away  from 
the  nietal,  ami  thus  allow  the  tube  to  burn  out.  In  considering  the 
probable  durability  of  a  boiler,  we  may  unk  the  aaiiie  questions  as  tliose 
that  have  boon  asked  concerning  danger  of  explosion,  There  are, 
however,  many  chances  of  burning  out  a  minor  part  of  a  boiler  with- 
out serious  danger,  to  one  chance  of  a  disaittrons  explosion.  Thus 
the  tubes  of  a  water-tube  boiler,  if  allowed  to  become  thickly  cov- 
ered with  scale,  might  be  burnml  out  without  causing  any  further  de- 
struction than  the  rupture  of  a  single  tube.  A  new  type  of  boiler 
shouUI  be  questioned  in  regard  to  the  likelihood  of  freipient  small 
repairs  being  necessary,  and  as  well  in  regard  to  its  liability  to  com- 
plete destruction.  We  may  ask:  Is  the  circulation  through  all  parts 
of  the  boiler  such  that  the  water  cannot  bo  driven  out  of  any  tube  or 
from  any  iK>rtion  of  a  plate,  so  as  to  form  a  steam-pocket  exposed  to 
high  temperutaro  ?  Arc  there  proper  facilities  for  removing  the  scale 
from  every  portion  of  the  plates  and  tubes? 

Bepairs. — The  questions  of  durability  and  of  repairs  are,  in  some 
respects,  related  to  each  other.  The  more  infrequent  and  the  lees 
extensive  the  repaim,  the  greater  the  durability.  The  tubes  of  a  boiler, 
where  corroded  or  burnt  out,  may  be  replaced,  and  made  as  good  aa 
neir.  The  shell,  when  it  springs  a  leak,  may  be  patched,  and  is  then 
likely  to  be  far  from  as  good  as  new.  When  the  shell  corrodes  badly 
it  must  be  replaced,  and  to  replace  the  shell  is  the  same  as  gcttin-^  a 
new  boiler.  Herein  is  the  advantage  of  tiio  sectional  water-tube  boil- 
era.  The  sections,  or  i)art8  of  a  section,  may  bo  renewed  easilv.  and 
made  good  us  new,  while  the  shett,  being  far  removed  from  the  fire  and 
easily  kept  dry  oxternnlly,  is  not  liable  eitlter  to  burning  out  or  exter- 
nal corrosion.  In  considering  the  merits  of  a  new  stvle  of  ttoiler, 
with  reference  to  repairs,  we  may  ask  what  parts  of  t]ic  boiler  are 
most  likely  to  give  out  and  need  to  be  repaired  or  replaced  ?  Are 
these  repairs  eiwily  elTected;  how  long  will  they  require;  and  after 
tliey  are  made  is  the  boiler  as  good  as  new?  If  a  new  stylo  of  boiler 
made  up  of  special  parts  not  procurable  except  from  its  builder,  the 
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qnestioD  mfty  b€  asked  :  How  long  is  liie  builder  likely  to  remiuo  iu 
bofiiiiess  and  be  able  to  furuish  these  special  parts  ? 

F&cilitj  for  Removal  of  Scale  and  for  Inspection. — These  questions 
have  already  beeu  dificuiised  lo  some  oxtoiit  under  the  head  of  dura- 
bility. Some  water-tube  boilers,  npv  dead  and  gone,  were  some  years 
ago  put  on  the  m;irkot,  which  had  no  facilities  fur  the  removal  of 
Bculti.  It  was  claimed  by  their  promoters  that  they  did  not  need  any, 
because  their  circulation  was  so  rapid.  Kvery  few  years  boilers  of 
these  types  are  re-invented,  and  the  same  claim  is  made  for  them,  that 
their  rapid  circulation  prerents  the  formation  of  scale.  The  fact  is 
that  if  there  is  scale-formiug  material  in  the  water  it  will  be  deposited 
when  the  water  is  evajwraled,  and  no  amount  or  kind  of  circulation 
will  keep  it  from  accumtilutiug  on  every  port  of  the  boiler  and  iu  every 
kind  of  tubes,  vertical,  horizoutjil,  and  inclined.  The  nearly  vertical 
circulating  tubes  of  a  wuter-tnbe  boiler,  in  which  the  circulation  is 
nine  times  as  fast  as  the  arerago  circulation  in  the  inclined  tubes, 
•ouictimes  liare  been  found  nearly  full  of  scale  ;  that  is,  a  4-inch  tube 
had  an  ojwning  in  it  of  less  than  1  inch  diameter.  Tina  was  due  to 
carelessness  in  blowing  off  the  boiler,  or  eiceptioually  bad  feed-water, 
or  both.  If  circulation  would  prevent  scaling  at  all,  it  would  ])re- 
veut  it  here. 

Water-  and  Steam-capacity.— It  is  claimed  for  some  forms  of  boil- 
ers that  they  are  bet^ter  than  others  becanse  tliey  have  a  larger  water- 
or  steam -rapacity.  Groat  water-capacity  is  useful  where  the  demands 
for  steam  are  extremely  fluctuating,  as  in  a  rolling-mill  or  a  sugar- 
refinery,  where  it  is  desirable  to  store  up  heat  in  the  water  in  the  boil- 
ers <Juring  the  periods  of  the  least  demand,  to  be  given  oat  during 
periods  of  greatest  demand.  Large  water-capacity  is  objectionable  in 
boilers  for  fartoriea,  usually,  especially  if  thoy  do  not  nin  at  night, 
and  the  boilers  are  cooled  down,  because  there  is  a  large  quantity  of 
water  to  l>e  heated  before  starting  each  morning.  If  "rapid  steam- 
ing" or  the  ability  to  get  np  steam  quickly  from  cold  water,  or  to 
ruse  the  pressure  quickly,  is  desired,  largo  water-capacity  is  a  detri- 
ment. The  advantage  of  large  steam-capacity  is  usually  overrated.  It 
is  nsefnl  to  enable  the  nteam  to  be  drained  from  water  before  it 
escapes  into  the  steam-pipe,  but  the  same  result  can  be  effected  by 
means  of  a  dry  pipe,  as  in  locomotive  and  marine  pmctice,  in  which 
the  steam-space  in  the  boiler  is  very  small  in  proportion  to  the  horse- 
power. Xjarge  steam-space  in  the  lioiler  is  of  no  importance  for  stor- 
ing energy  or  equalising  the  pressure  during  the  stroke  of  an  engine. 
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Tbe  water  iu  the  boiler  is  the  place  to  Btore  heat,  and  if  the  steam- 
pipe  leading  to  an  engine  is  of  such  small  capacity  that  it  reduces  the 
reesure,  tbe  ronieily  is  a  steam- reservoir  close  to  the  engine  or  a  large 
4team-pipe. 

Steadinesi  of  Water-level.— Tii is  requires  either  a  large  area  of 
trater-Kurfuue  iiiid  volume  of  water,  ao  thnt  the  level  may  bo  changed 
••lowly  by  fl actuations  lu  the  demand  for  steuui  or  iu  the  delivery  of 
the  feed-pump,  or  else  conataut,  and  preferably  automatic,  regnla- 
tion  of  the  feed-water  supply  to  snit  the  steum  demand.  A  rapidly 
lowering  water-level  is  apt  to  cipose  dry  Eheets  or  tubes  to  the 
action  of  the  hot  gases,  and  thus  be  a  sonrco  of  danger.  A  rapidly 
rising  level  may,  he/ore  it  is  seen  by  the  tireman,  cause  water  to  be 
carried  over  into  tbe  stcam-pipo,  and  endanger  the  engine. 

Large  area  of  water-sarfacc  alone  is  not  always  suflUcient  to  insure 
steadiness  of  water-level.  Sudden  Utictuationu  in  the  activity  of  the 
fire,  such  as  lake  plat;e  when  the  gases  from  freshly-fired  soft  coal 
burst  into  tlamc,  arc  apt  to  cause  a  sudden  rise  in  the  water-level. 
For  this  reason,  boilers  with  horizontal  water-  ami  steani-drnniSf 
■whether  fire- tube  or  water-tube  boilers,  should  preferably  have  drami 
not  less  than  30  itis.  diameter,  so  that  the  water-level  may  be  allowed 
^^H'to  vary  5  or  6  ins.  from  its  JiO[-D)al  position  wUhout,  on  the  one  hand, 
^^■^ndangeringthe  burning  out  of  the  tubes,  or,  on  the  other,  of  making 
^^^ivet  steam. 

r  Dryness  of  Bteam. — Most  of  the  modern  forms  of  both  Gre-lnbe 

I  and  water-tube  boilertt  give  practically  dry  steam,  that  is,  steam  con- 
L  taining  not  over  lA  <^  of  moisture,  when  the  water-level  ie  not 
^^^  allowed  to  rise  more  than  5  or  6  ius.  above  its  mean  poeition,  even 
^^  when  driven  as  much  as  100  i  beyond  their  rated  capacity  ;  but  boil- 
ers with  vertical  tnbo«.  with  sniaU  water-level  area,  are  apt,  sometimes, 
to  have  the  water-level  fluctuate  violently,  and  they  require  to  be  pro- 
vided with  Huperlieatiug  surface  and  dry  pipes,  or  steam  separators,  id 
order  to  insure  dry  Btoam.  Alkaline  feed-water  is  often  a  cause  of 
*'  fonniing."  causing  wet  steam. 

Water-oircalation. — Positive  and  complete  circulation  of  the  water 
in  a  boiler  is  important  for  two_  reasons  :  (1)  To  keep  all  parts  of  the 
boiler  of  a  nniform  temperature,  and  (3)  to  prevent  the  adhesion  of 
ateam-bubbles  to  the  surface,  which  may  cause  overheating  of  the 
metal,  tt  is  claimed  by  some  mauufucturers  that  the  rapid  circula- 
tion of  water  in  their  boilers  tends  to  make  them  more  economical 
than  others.  We  have  as  yet.  however,  to  find  any  proof  that  increased 
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rapidity  of  oiicolttion  oX  water  beyo&d  that  usually  found  in  auy 
boiler  will  give  iucreascd  ecouowy.  Wo  kuow  thai  iucreaMHl  ruut 
of  flow  of  air  over  radmiiug  surfaces  iucroases  the  aiuouut  of  heat 
tnummittod  chrough  ilie  t»ui'£ucti>  bui  ihi^  \a  bucauise  by  iliu  iucreased 
circuhitiuii  cuid  air  is  coutiuuaily  brought  iu  coutacc  with  thesorface, 
makiug  au  iucr^ased  dillcroucu  u£  tiim|)uruLure  on  the  two  aideSi  which 
causes  increased  craimuiiaiiiuu.  But  by  iuurea&iug  the  rapidity  of  uir- 
oulatiou  ill  a  ateaui-boUer  wu  cauuot  vary  the  dillereiice  of  tempura- 
ture  to  any  ;ip]>reciable  extent,  fur  the  water  and  the  steain  in  the 
boiler  are  at  about  the  samo  temperature  throughout.  The  ordinary 
or  "  Scotch"  form  of  mariuo  boiler  ehows  an  exception  to  the  general 
rule  of  uniformity  of  temperature  of  wat«r  throug:Jiout  the  boiler, 
but  the  teniiierature  above  the  level  of  ttie  lower  tire-tubee  is  practi- 
eallv  uuiform. 


CHAPTER  SIIL 


BOILER  TBOCBLJiS  A2iL>  BUlLEK-USEBS'  COatPLAINTS. 

It  ia  the  experience  of  every  large  boiler-making  concern  that  of 
all  the  boilers  it  selU,  a  certain  proportioB  are,  ahariiy  aXter  erection, 
complained  of  by  tlie  purchaser  aa  being  uusatisfactory.  When  such 
coniplaiutB  are  received,  an  expert  iu  boiler-Leatiug  aud  management 
is  usually  sent  to  Diake  an  iuvestigaliou,  and,  if  puwiblo,  to  remedy 
the  trouble.  In  moat  cases  he  succeeds,  after  a  great  deal  of  dif- 
ficulty, in  satisfying  the  purchaeor,  either  by  improving  the  condition* 
of  the  running  of  the  boiler  or  by  showing  that  the  boiler  in  not  to 
blame  for  the  trouble;  but  sometimes  he  fails,  and  the  matter  ia 
finally  adjusted  by  the  boiler  being  taken  out,  by  a  reduction  iu  the 
price,  or  by  recourse  to  arbitration,  or  to  a  law-suit.  In  a  law-suit 
the  boiler-maker  nauiilly  wins,  for  the  reason  that  a  boiler-maker, 
baling  bad  previous  experience  in  such  matters,  ia  not  apt  to  go  to 
law  unleiis  be  lias  a  vury  strong  case.  The  purchaser,  of  course, 
also  thinks  he  Ii.-is  a  strong  case,  but  he  is  apt  to  be  not  well  posted  on 
the  law  of  contracts,  and  his  attorney  is  apt  to  be  ignorant  of  the 
amount  of  ei-idence  which  the  butler>maker  will  bring  forward  on  the 
trial,  and  thorefoi-o  uiiderrntcs  tlie  strength  of  the  boiler- maker's  side 
of  the  case.  It  is  the  object  of  this  chapter  to  i]l8cn8s,not  the  troubles 
and  complaints  concerning  boilers  in  their  relation  to  possible  hiw- 
suita,  but  those  that  m:ty  be  avoided  or  remedied  by  good  engineering. 

The  complaints  from  boiler-users  concerning  new  boilers  may  be 
dirided  into  tlirco  general  classes:  1,  I^ow  capacity:  ^,  StmctnrHl 
defects,  snch  as  leaks,  burnt  tubes  and  plates,  etc. ;  3,  Poor  economr. 
The  last  ia  not  often  a  cause  of  complaint,  because  the  great  majority 
of  boiler-users  make  no  tests  to  determine  economy,  and  therefore  if 
tlieir  boilers  should  be  deficient  in  economy,  tliey  are  ignorant  of  it. 
But  if  a  boiler  does  not  give  the  amount  of  steam  that  is  needed  from 
it,  or  if  it  Icaka,  the  trouble  is  apparent  at  once  and  complaint  is  made 
immediately. 
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The  most  common  causes  of  compkiuU  aud  troubles  are  the 
following: 

1.  Toor  draft. 

2.  lusutlicient  grate  surface. 

3.  Toor  coal. 

4.  Furnace  not  adapted  to  kind  of  coaL 
6.  Bad  setting  of  boiler. 

6.  Leaks  of  uir  through  brickwork. 

7.  Improper  firing. 

5.  liiGufiiciciit  heating  surface  (boiler  too  BrnaH). 
9.  Bad  water. 

We  will  uuw  diBcuss  these  causes  of  trouble,  and  their  remedies,  in 
the  order  iiunied. 

Poor  Draft.— This  is  a  relative  term;  what  ia  poor  draft  for  one 
set  of  CDiidilions  is  ample  draft  for  another.  The  proper  force  of 
draft  for  a  given  case,  meafiurcd  at  a  point  between  the  damper  in  the 
flue  and  thu  boiler  itself,  may  bo  as  low  as  \  inch  of  water-column, 
and  in  another  caAe  over  1  inch  may  be  required,  depending  on  the 
type  of  boiler,  oa  the  area  and  the  courec  of  the  draft -pa&sage  tlirongli 
the  boiler,  cu  tlie  sn-a  of  grate  surface,  on  the  style  of  grate-bars, 
and  on  the  kind  of  coal.  The  immediate  effect  of  poor  draft  is  insuf- 
iicieut  coal-buniing  capacity.  The  first  test  to  be  opplied  to  discover 
whether  or  not  thu  draft  is  Jmiufiicient  is  to  weigh  the  ccial  burned 
iu  each  hour  during  the  period  between  two  cleanings  of  tlie  grates, 
and  to  compare  the  amounts  burned  cacli  hour  with  the  amonnt 
which  a  calculation  shows  should  be  burned  to  evaporate  the  desired 
amount  of  water.  Thus,  suppose  that  it  is  expected  that  the  boiler 
should  evaporate  3500  lbs.  of  water  jier  hour,  and  the  temperature  of 
feed-wator,  the  steam -pressure,  and  the  quality  of  coal  are  such  that 
7  lbs.  of  water  should  be  evaporated  per  pound  of  coal,  then  the  coal* 
burning  capacity  sliould  be  not  less  thnn  500  lbs.  during  esch  hour 
between  cleaiiings.  If  200  lbs.  \t  used  in  the  first  part  of  the  test  to 
build  up  the  fire,  and  an  equal  amount  is  burned  down  at  the  close  of 
the  test,  in  order  to  have  a  thin  bed  of  coal  for  cleaning,  then  a  five- 
honrs* record  of  coal  fed  between  cleanings  sliould  sliow  a])|>roximatc)y 
700,  SOO,  500,  500,  and  300  lbs.  If  the  record  gave  GOO,  400,  400,  400^ 
and  200  lbs  it  would  indicate  insufficient  draft  for  tlie  kind  of  grate 
and  the  kind  of  conl.  If,  however,  it  ehontd  show  700.  DOO.  400.  300, 
'JOO  lbs.,  it  would  indicate  that  the  draft  itself  was  ample,  but  that  the 
Ifratea  were  being  gradually  choked  by  ashes  and  clinkers. 
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In  the  second  cuse,  iu  which  the  coal  is  barnod  steadily  at  the  rate 
■1>f  4()0  lbs.  of  coal  per  lioiir,  when  500  Iba.  iti  required,  the  remedy  in- 
dicated is  nn  increase  of  the  draft.  It  will  often  liappcn  that  such 
remedy  can  easily  be  given  by  a  slight  change  in  the  tliie-coniiectioa 
betweoD  the  boiler  and  chiaiDoy.  Right-angled  bends  in  this  flue- 
connection  are  exceedingly  cominoii,  uud  they  frequently  cut  down 
the  force  of  draft  at  the  boiler  to  one-half  of  that  in  the  chimney. 
Wlienercr  possible  they  shoujd  be  chauged  to  loug  easy  curves.  When 
two  or  more  adjoining  boilers  deliver  tlieir  gases  into  one  liorizontal 
flue,  the  area  of  this  fluo  should  increase  as  it  travels  from  the  most 
distant  boiler  to  the  chimney,  the  connecliou  from  each  boihr  to  the 
flue  shoald  be  a  curved  one,  and  the  flue  itdelf  should  enter  the  chim- 
ney with  an  ascending  curve.  Before  making  the  changes  here  sug- 
gested, the  existing  draft  in  the  chimney,  at  various  points  in  the 
flne,  and  at  each  boiler,  should  bo  tested  by  a  U-tube  draft-gauge.  If 
there  are  no  dcfecits  in  the  flue-connection,  the  next  remedy  to  be  ap- 
plied is  an  increase  in  the  height  of  the  chimney.  Jf  i\m  is  not  fcAai- 
ble,  and  a  reference  to  a  table  of  proportions  of  chimneys  shows  that 
the  chimney  has  not  sufficient  area  for  the  amount  of  coal  to  be 
burned,  then  a  tiew  chinjney  with  larger  area  is  required.  In  case  it 
appears  that  the  chimney  is  of  sufficient  area  and  its  height  cannot  be 
increased,  a  remedy  may  be  found  in  enlarging  the  area  of  grate- 
surface  or  in  using  a  different  kind  of  coal. 

If  the  test  of  the  coal-buruing  capacity  shows  a  decreasing  rate  of 
burning,  snch  as  TOO,  .^{MJ,40(>,  :iO(f,  and  '200  lbs.  per  hour,  indicating  a 
gradual  choking  of  the  grate  by  clinker,  the  most  obvious  remedy  is 
the  use  of  a  shaking-grate,  by  which  the  acrumulation  of  ashes  and 
clinker  may  be  prevented.  Snch  a  grate  will  sometime*  increase  the 
capacity  of  a  boiler  as  mnch  as  30  per  cent,  although  its  use  may 
entail  a  loss  of  economy  of  :lLor  3  per  cent  due  to  the  coal  shaken  into 
the  oah-pit  with  the  ashes.  A  change  of  coal  from  a  clinkering  to  a 
non-clinkering  variety  will  sometimes  prove  a  snffirient  remedy. 

With  a  clinkering  coal,  increase  of  draft  is  sometimes  of  no  benefit 
in  increasing  the  capacity  of  a  boiler,  but  ratherthe  reverse;  for  when 
the  fire  is  freshly  cleaned,  a  strong  draft  with  such  coal  causes  at  first 
a  rapid  combustion,  resulting  in  high  temperature  and  a  fusing  of  the 
clinker,  which  soon  obstnicts  the  passage  of  air  through  the  grates, 
checking  the  combustion.  Enlargetueut  of  the  grate  surface  and  a 
alower  rate  of  combustion  per  square  foot  of  grate  are  then  the  proper 
remedies,  and  if  these  are  impracticable,  then  shaking-grates  should 
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1  e  used.  The  tendency  to  form  clinker  may  Bomettmes  be  lessened 
by  blowing  a  little  sicam  oudcr  tbe  grate-bars,  or  by  letting  a  little 
water  run  into  the  ash-pit.  The  evaporatiou  of  the  water  helps  to  cool 
the  gralu-bars. 

Insufficient  Orate  Snrface,  and  Poor  CoaL — These  two  cunsee  of 
trouble  may  be  considered  together  aa  they  are  co-relatori.  Insufficient 
grate  surface  fur  one  grade  uf  cual  uiay  be  ample  fur  auoLher  gra<le. 
Ity  grade  of  coul  here  is  meant  its  quality  as  regards  amount  of  aeh 
titid  kiud  of  asb.  If  tlic  percentage  of  ash  in  tbe  coal  is  low,  and  it  is 
low  in  iron  and  suljdiur,  which  are  the  principal  causes  of  clinker^  a 
relatively  email  gi-Hle  surface  and  a  strong  draft  may  be  used,  snch, 
for  instance,  as  tu  caiiHe  the  burning  of  as  much  as  20  lbs.  of  anthra- 
cite, 25  or  30  lbs.  of  semi-bituminous,  and  ItO  to  40  lbs.  of  bituminous 
cual  per  square  foot  of  grate  per  hour;  but  if  the  ash  is  excessive,  or  if 
it  forms  clinker,  then  a  large  grate  ig  needed,  so  that  those  rates  of 
combuatiou  may  be  reduced  30  to  50  |>er  cent. 

Furnace  Not  Adapted  to  Coal. — Thirty  or  forty  years  ago  it  need  to 
be  the  custom  to  set  boilers  with  tho  grate-bars  near  to  the  shell  of 
the  boiler,  11  to  15  ins.  being  a  common  distance,  tbe  idea  being  that 
there  was  a  loss  of  radiant  heat  if  the  boiler  was  removed  a  greater 
distance  from  tbe  grate.  The  iilea  was  erroneous,  us  may  bo  learned 
by  uouEjideriug  the  question  "  If  the  heat  is  lost,  where  does  it  go?^' 
A  pound  of  coal,  in  burning  under  a  boiler,  generates  so  matiy  hcat- 
nnits.  A  small  fraction  of  them  is  lost  through  the  side  walls  of  the 
furnace.  The  heat  radiated  into  the  side  walls  is  radiated  bank  again 
to  tlie  fire,  to  the  heating  surface  of  the  boiler,  to  the  particles  of 
carbon  in  tbe  (lame,  and  to  gaseous  products  of  combustion,  and  it 
finally  all  gets  into  the  boiler  except  that  which  is  carried  out  of  the 
chimney  or  through  the  walls  of  the  setting.  With  dry  anthracite 
coal,  which  borns  jiractically  without  flame,  almost  any  kind  of  funiaco 
is  a  good  one,  but  a  furnace  in  which  the  grate  is  IS  or  l.'i  ins.  froni 
the  boiler  is  entirely  nnsuited  to  tbe  Imniing  of  bitnminons  coal.  A 
distance  of  from  2  to  3  foot  from  the  grate  to  the  boiler  is  now  com- 
nion  practice  for  bituminoiis  coal.  With  veiT  smoky  coal,  4  feet  ia 
sometimes  used;  and  G  or  8  feet  would  be  better. 

A  furnace  for  a  stoani'boiler  ig  not  adapted  to  the  conl  whenever 
the  flame  from  the  coal  is  extingnishod  by  the  comparatively  cool 
snrfiices  of  the  boiler,  and  whenever  it  is  not  possible  by  skilful 
operation  of  the  furnace  to  prevent  smoke  escaping  from  the  chimney. 
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A  smokj  chimney  ia  proof  eitliei*  of  an  improper  furnace  for  the  kind 
of  coal  or  of  unskilful  tiring,  or  both;  usually  of  the  former. 

The  loss  of  economy  and  the  diminution  of  capacity  of  steam- 
boilers  due  to  smoky  chimneys  is  usually  undcrtiatimatetl.  It  is 
Btatcd  that  it  haii  been  found  by  experiment  that  the  amount  of  eoot 
actually  present  in  smoke  is  less  than  one  per  wjnt  of  the  weight  of 
coal  burned.  Numerous  experiments  have  shown  also  that  when 
"  bmuke'Coneumers '*  are  appliE>d  to  a  steam -hoi  ler,  while  the  smoke 
may  be  prcTented,  no  gain  in  economy  follows.  This  may  be  quite 
true,  but  the  "smoke-conHumLTa"  referred  to  usually  effect  the 
0moke>prevention  by  means  of  an  excessive  supply  of  air,  which 
iuTohes  waste  of  fuel,  so  that  the  failure  to  show  a  gain  iti  ei-onomy 
is  due  to  substituting  the  waste  duo  to  excessive  uir-snpply  for  the 
vaste  duo  to  imperfect  cocnbttstion. 

While  it  may  be  true  also  that  the  soot  in  smoke  represents  only 
one  per  cent  of  the  fuel  burned,  this  is  not  the  only  loss  of  fuel  which 
attends  the  smoky  chimney,  for  the  smoke  not  ouly  conialns  soot,  but 
it  may  also  contain  intisiblo  hydrorarbon  gases  distilled  from  the  coal, 
and  carlninic  oxide  produced  iu  the  furuacc  by  imperfect  combustion 
of  the  carbon. 

Bad  Setting  of  Boiler. — If  tlie  type  of  setting  is  one  adajited  to  the 
kind  of  coal,  it  may  still  liavc  errors  of  design  or  of  construction  which 
niny  lead  to  the  loss  of  economy  or  of  cai>acity,  or  of  both.  Kxamplos 
of  such  errors  are  :  (1)  Boiler  set  too  close  to  the  grate.  {'2)  Insuffi- 
cient area  through  the  flues,  damper,  or  other  passages  for  the  gas.  (3) 
Exressire  area  of  gas-passages,  so  placed  that  the  gases  can  And  a  path 
of  least  resistance  along  or  across  the  heating  surfaces,  and  thus  be 
"short-circuited."  The  error  of  the  boiler  being  set  loo  close  to  the 
grate  has  alreaily  been  discussed.  Insufficient  area  of  gas-passages 
acts  to  choke  the  draft  and  restrict  the  coal-burning  capacity,  just  as 
do  insufficient  chimney  area  or  height,  and  insufiicient  grate  area. 
Whether  or  not  tlie  ga«-pu»sagiid  are  insufficient  in  area  can  usually  be 
determined  by  inspection  ami  comparison  of  their  meaBureniciits  nith 
that  of  the  chimney  and  grate.  A  draft-gauge  ahonhl  bo  applied  at 
different  jmints  in  the  gas-piwsiigcs,  between  the  chimney  and  the 
furnace,  in  order  U:»  find  whether  there  is  any  serious  choke  in  the  di-aft. 
This  should  he  done  when  the  tire  is  clean  and  burning  brightly. 

Whether  or  not  the  areas  of  the  gas-passnges  are  ton  large,  or  snch 
is  to  allow  of  short-circuiting  of  the  gases,  is  usually  a  rather  difficult 
matter  to  determine.     The  error  may  be  suspected  to  exist  whenever 
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it  IB  foniid  bj  an  evaporation-test  that  the  boiler  girea  a  lower  result 
than  shonM  be  expected  under  the  conditions,  and  at  the  same  time 
there  is  fotind  a  high  temperature  of  the  chimney-gaseB  and  a  low  rate 
of  ovaporatiuii  per  square  foot  of  heating  atirfiice.  This  same  set  of 
combined  comliiioDS,  viz.,  low  capacity,  low  economy,  and  high  teru- 
peiftture  of  chimnej-gaaes.  m:iv,  however,  Iw  the  re8nU  of  imper- 
fect combustion  in  tlie  furiince  and  burning  of  the  gases  in  the  gas- 
passages  between  tbe  furnace  and  the  chimney.  If  there  is  no 
oriilonce  of  imperfect  furnace-conditions  and  of  the  burning  of 
gas  in  the  pae^ges,  then  sliort-circinting  of  the  gases  is  probably 
the  cause  of  the  observed  results.  After  making  the  diagnosis  of 
ahort-circuiting,  another  test  of  the  boiler  should  lie  made,  if  sn£- 
ficiont  draft  is  available,  at  a  vttry  much  higher  rate  of  cunibiisLiou.  - 
If  it  is  found  that  this  test  gives  an  increase  of  economy  with  no 
increase  in  the  tenipcratnre  of  the  chimney-gases,  this  would  tend 
to  prove  that  short-circuiting  existed  during  the  first  test.  The  gaiM« 
may  short-circnit  during  the  test  at  a  low  rate  of  driving  and  not  dur- 
ing the  other  test  because  in  the  first  tciit  the  volume  of  gases  is  rela- 
tively small,  and  in  the  i^e<;und  it  is  large,  so  that  tliey  completely  fill 
the  passages.  Tbe  gas-passages  may,  therefore,  be  properly  propor- 
tioned for  a  high  rate  of  driving,  \mt  may  be  too  large  for  a  low  rate. 

Another  kind  of  test  which  may  be  applied  to  determine  whether 
or  not  there  is  short-circuiting  of  the  gases,  is  the  exploration  of 
various  portions  of  the  gas-passages  by  an  electric  pyrometer,  in  order 
to  discover  if  any  portion  is  not  swept  by  the  current  of  hot  gas.  Thia 
hiatrnment  is  of  recent  invention,  and  has  not  yet,  to  any  groat  extent, 
been  employed  in  boiler-testing,  but  its  use  is  to  be  recommended  in 
future  acieiUilic  investigations  of  steam-boiler  economy  by  boiler  man- 
ufacturers and  others.  It  is  highly  probable  that  many  of  the  very 
low  economic  results  somctiiue.s  oI>tatued  in  boiler-teats,  which  are 
unexplained  by  the  observed  conditions,  are  dne  to  this  short-circuit^ 
ing,  the  existence  of  which  may  be  revealed  by  the  electric  pyrometer. 

When  short-circuiting  of  the  gaaes  is  proved,  the  remedy  i* 
obviously  to  changf*  the  areas  of  the  gas-pasaages,  or  to  place  baffle- 
plates  or  retarders  in  them,  bo  as  to  partially  obstruct  those  portions 
of  the  passages  where  the  gases  tend  to  travel  with  the  greatest  Telocity, 
and  compel  ilietn  to  travel  at  a  uniform  rate  across  or  along  tbe  whole 
extent  of  heating  surface. 

Leaks  of  Air  through  Brickwork.  -Tf  there  are  any  large  air-leaka 
through  the  brickwork,  they  ciiii  usually  be  discovered  by  inspection. 
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There  are  two  methods  of  making  examinations  for  small  leaks;  first, 
passing  the  fiame  of  a  candle  over  all  the  joints  of  the  brickwork  and 
noting  where  it  is  drawn  inwards  by  the  draft ;  second,  firing  a  few 
shovolsfui  of  smoky  coat  while  the  damper  is  sliut.  The  emoko  will 
then  be  driven  out  through  anj  crevices  that  may  exist.  The  exist- 
ence of  air-leaks  in  the  brickwork  beyond  the  furnace  may  be  inferred 
from  the  results  of  a  boiler-test,  if  those  rcsnlts  show  low  economy 
together  with  low  temperature  of  the  chimney-gases  and  apparently 
good  furnace-conditions,  insuring  complete  oombnetion.  If  the  coal 
ia  thoroughly  burned  in  tlie  furuacc,  then  low  economy  is  usually  ac- 
companied with  high  temperature  of  the  chimney-gases,  caused  either 
by  insufficient-  extent  of  lieiitiug  surface  or  by  shon-circuiting  of  the 
gases,  but  if  the  temperature  uf  the  chiuiney-gaseH  is  low,  economy 
also  being  low  and  furnace  temperature  high,  this  would  indioite  that 
the  gases  have  been  cooled  by  the  cold  air  eut«iiug  through  leaks  in 
the  brickwork.  Chemical  analysix  of  the  gases  also  furnishes  a  means 
of  proving  the  existence  of  air-leaks.  Samples  of  gas  arc  taken  aim- 
ultjuieouHly  from  a  point  near  the  furnace  and  from  a  paint  near  the 
damper.  If  the  latter  sample  shows  on  analysis  a  greater  percentage 
of  free  oxygen  than  the  former,  it  proves  tlic  adruisaion  of  air  into 
the  gases  between  the  points  from  which  the  two  tramples  are  taken. 

If  the  supply  of  air  to  the  coal  in  the  furnace  is  sufficient  to  insure 
complete  combustion,  any  additional  supply,  either  in  the  fnrnace 
or  through  leaks  in  the  brickwork  into  the  gas-passages,  tends  to 
decrease  the  economy  nf  the  boiler.  It  cools  the  gases,  decreasing  the 
difference  between  the  temperature  of  the  gases  and  that  of  the  water 
in  the  boiler,  upon  which  difference  the  trausmifi,-*ion  of  heat  through 
the  heating  surface  depends,  and  the  excess  of  air-supply  finally  escipes 
at  the  temperature  of  the  chimney-gases,  thus  causing  a  direct  loss  of 
heat.  If,  however,  the  supply  of  nir  in  the  fnrmice  is  insoffit-ienl  to 
thoroughly  burn  the  coal,  a  alight  leak  of  air  through  the  brickwork 
may  be  of  actual  benefit  in  supplying  sufficient  air  to  burn  the  nn- 
bumed  fncl  gases  in  the  gns-passages,  although  this  air  hod  better  be 
introduced  into  the  furnace  itself. 

In  well -construe  ted  brickwork  settings,  with  all  cracks  in  the  joints 
carefully  plastered,  the  amount  of  loss  of  heat  due  to  leaks  of  air  is 
probably  very  small,  but  large  cracks  may  cause  a  serious  loss  of 
economy,  and  they  should  bo  looked  for  carefully  and  stopped  if  found. 

Iraproper  Firing. — Improiver  firing  is  probably  the  most  common 
o!  all  the  many  causes  of  poor  economy  of  steam-boilers.     Sometimes 
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the  fact  that  an  iini)ro|>6r  metlioJ  of  firing  is  used  can  be  learned  by 
simple  observittioii,  but  ofteiier  it  can  anly  be  knovrn  after  making  a 
series  of  syt^tematic  expehuieTits,  There  are  some  kinds  of  firing. 
practised  by  ignorant  or  negligent  Bremen,  which  any  one  irho  knows 
anything  of  the  subject  can  say  at  once  are  wrong.  Among  them  are: 
(I)  Putting  a  large  quantity  of  coal  in  the  fiiniace  at  a  time,  corering 
the  bed  so  thick  that  the  air-supply  is  choked  and  incomplete  combuii- 
tion  necessarily  takes  place.  (S)  Firing  at  irregular  intervals  and 
occiisioTially  allowing  the  bed  of  coal  to  burn  so  tow  that  a  great 
excess  of  uirpnsses  through  it.  (3)  Neglecting  to  cover  the  whole  of 
the  grate  surface,  and  allowing  holes  to  form  in  the  bed  of  coal. 

There  arc  other  errors  of  firing  which  are  not  evident  on  ordinary 
inapHction,  which  may  be  practised  by  the  most  careful  and  inlelli- 
genc  firemen  without  any  suspicion  that  they  are  wrong,  and  which 
can  only  be  discovered  by  making  a  series  of  boiler-tests  or  by  aualysil 
of  the  chimney-gases.  Such  errors  arc  the  carrying  of  a  bed  of  coal 
either  too  thick  or  too  thin  for  the  size  of  coal  and  the  force  of  draft, 
ami  unskilful  regulation  of  the  draft.  Thbbesl  method  uf  firing  is  such 
a  method  as  will  cause  the  chimney-gases  to  contain  no  carbonic  oxide, 
hydrogen,  or  hydrocarbon  gases,  aud  at  the  same  time  to  contain  not 
more  than  about  8^  of  free  oxygon.  The  presence  of  combustible 
gases,  even  in  small  quantity,  in  the  chimuey-gas  is  proof  of  imjwrfect 
combustion  and  conseqnent  loss  of  economy.  The  presence  of  f.«n 
4  to  d  per  cent  of  free  oxygen  in  the  chimney-gas  ts  usually  u  neoessary 
accompaniment  of  complete  combustion,  but  a  grt^iitor  quantity  of  free 
oxygen  means  an  unnecessarily  large  supply  of  air,  and  consequent 
unnecessary  loss  due  to  carrying  the  excess  of  heated  air  into  the 
chimney.  The  percentage  of  carbonic  acid  in  the  gas  is  of  itself  not 
as  good  a  criterion  of  the  furnace-conditious  as  the  percentage  of 
oxygen.  If  the  percentage  of  carbonic  acid  is  V,H  or  uj)wardB,  thera 
is  rarely  any  carbonic  oxide  present  and  no  great  excess  of  air,  and 
the  furnaceK:uudit)oiJs  may  then  be  considered  as  very  good,  but  a  lower 
percentage  of  carbonic  acid  is  compatible  either  with  the  presence  of 
carbonic  oxide,  indicating  deficient  uirsnppl}-,  or  with  an  excessive 
amount  of  oxygen,  two  conditions  incompatible  with  each  other  but 
both  of  them  indicating  improper  furnace-conditions. 

Knowing  that  the  best  furnace-condition,  the  one  that  will  give 
maximum  economy,  is  one  that  will  cause  the  chimney-gases  to  oon* 
tain  from  4  to  8  per  cent  of  free  oxygen,  how  ia  this  condition  to  be 
•ecared  ? 
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If  sotfandte  coal  ii  tbe  fuel,  c!iere  w  at  }e«st  tfatv«  Tftrwbica 
wbicli  euier  uito  th«  problem:  (i>  The  tise  of  coaL  (?)  Tbe  tbick- 
nesBof  bed.  (3)  The  force  of  Uie  draft.  If  ve  coDsider  tbe  site  of 
tbe  coal  to  be  ftxed  bj  tbe  condition  of  tbe  market  price  or  other  cir* 
cnmsuincca,  tfaeo  there  are  two  Tariablee  nnder  control  at  tbe  will  ol 
the  firenan,  tiz.,  the  tbickness  of  bed»  and  the  force  of  the  dndt. 
Sometcmes  the  latter  is  bevond  bta  control,  aa  wh«i  tbe  plant  u  bein; 
driren  to  iu  foil  capacitr  and  the  draft  is  limited  bj  the  sixe  of  the 
cbimner,  tbe  damper  area,  tbe  ureo^  of  other  gas-paangee,  eto^  bat 
,thi8  is  a  faalt  in  tbe  plant  which  should  not  exist.  The  chimnej 
igbt  always  to  bare  a  capacity  for  giving  a  force  of  draft  tu  exoeca 
of  that  ordinarily  needed,  so  chat  the  draft  of  each  boiler  may  be  re^ 
alated  by  ite  damper.  If  both  the  thickness  of  the  bed  and  the  fore* 
of  draft  are  nnder  control  of  the  fireman,  be  may  obtain  good  resnlta 
with  either  thiu,  thick,  or  medium  fires,  proTided  tlie  force  uf  the 
draft  is  regulated  in  proportion  to  the  thickness  of  the  fire.  No  rule 
can  be  giren  for  this  regulation  that  will  be  of  any  service,  fiaoh 
eugiuecr  iu  charge  of  a  plant  must  determine  for  himself,  by  experi* 
meiit  or  observation,  the  conditions  of  thickness  of  fire  and  the  force 
of  draft  that  will  give  the  best  results  with  the  kind  of  coal  be  la 
osing. 

One  general  principle  may  be  laid  down  which  it  is  important 

remember:    The  best  regulation  of  force  of  draft  and  of  thick- 
of  fire   is   that  which    makes  the   hottest  fire.      I>rfiriont  air- 
'■apply,  causing  imperfect  combustion,  and  excessive  air-supply,  caus- 
ing too  great  dilution  of  the  gases  of  combustion,  both  tend  to  cool 
the  furnace.     The  hottest  fire  tliat  can  Ira  made  is  one  in  which  the 
^air  is  enough  in  excoss  to  insure  perfect  combustion,  but  no  more, 
i'he  hottest  fire  also  is  obtained  when  the  gases  of  combustion  show 
by  anjilyais  from  4  to  8  per  cent  of  free  oxygen,  so  that  analyses  of  the 
^ases  form  an  excellent  check  on  the  working  of  the  furnace. 

In  »  plant  coutaining  two  or  mure  boilers  connected  with  a  single 
horizontal  fine  lending  to  the  chimney,  unless  the  draft  of  each  is 

I  carefully  regulated  by  a  damper,  the  force  of  draft  at  each  of  the  dif- 
ferent boilers  may  greatly  vary.  If  the  force  of  draft  at  the  several 
boilers  cannot  becquuHzed^then  the  thickness  of  coal-bed  under  each 
boiler  should  bo  regulated  iu  proportion  to  the  draft  of  cnch. 
The  attention  to  the  pro|>er  regulation  of  the  thickness  of  the  bod 
of  coal  to  the  force  of  the  dmft.  which  is  here  recommended,  may 
seem  to  be  an  nnnecesaary  refinement,  involving  more  trouble  than 
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any  value  tbat  may  be  gained  from  it,  but  if  a  saving  of  only  \  0T% 
per  ceni  may  be  made  thereby,  ia  it  not  worth  the  trouble? 

There  are  alniust  no  records  of  experiments  available  to  show  thft- 
rclativo  results  obtained  by  different  methods  of  tiring  anthracite  coal, 
but  there  are  hundreds  of  records  of  tests  with  anthracite  coal  showiug' 
differences  of  economy  of  over  23^,  which  differences  are  not  naiisfac- 
torily  explained  by  diilfreuces  iu  the  type  or  proportions  of  boiler,  iu 
kind  of  coal,  rale  of  driving,  or  in  anything  else  in  the  record.  It  ia 
highly  probable  that  many  of  the  low  results  are  due  to  improper  reg- 
ulation of  the  thickness  of  the  lire.  If  such  low  results  arc  obtained 
in  boiler-testa,  in  which  efforts  are  made  to  obtain  good  results,  it  i» 
probable  that  much  lower  results  are  obtained  in  every-day  practice,  in 
which  boilers  are  tired  year  in  and  year  out  without  any  tests  being 
made  to  determine  their  economy. 

A  notable  result  of  the  loss  due  to  improper  firing  is  shown  in  thft 
rejMrt  of  I'rof.  Walter  ](.  Johnson  of  the  teats  he  made  for  the  United 
States  Navy  Department  iu  1S42  and  1843.*  Ue  tested  seven  differ- 
ent anthracite  coals,  six  of  them  giving  an  evaporation  ranging  from- 
11.15  to  11.59  pounds,  averaging  11.4'.;  pounds  of  water  from  and  at 
312°  per  pound  of  combustible,  and  the  seventh,  a  Lehigh  coal,  only 
10.26  pounds,  or  over  10^  less  than  the  average  of  the  other  six  coals. 
Prof.  Johnson,  in  his  report,  gives  no  hint  of  the  real  reason  why  Ihfr 
Lehigh  ooal  gave  such  a  low  figure,  bnt  he  gives  an  analysis  of  th» 
chimuey-gflses  which  shows  the  extremely  low  figure  of  4.57  for  the 
percentage  of  carbonic  acid,  and  the  very  high  figure  of  1G.7  for  the 
percentage  of  oxygen.  From  this  analysis  be  calculates  that  47.9 
pounds  of  uir  were  required  to  burn  I  pound  of  the  fuel,  an  amonnt- 
whioh  is  more  than  double  that  required  to  bum  the  otlior  coals. 
Ho  says  that  the  large  proportion  of  iiucbauged  air  in  the  chimney- 
gases  is  probably  due  in  some  degree  to  the  obstruction  which  the  air 
meets  iu  arriving  at  the  surface  of  the  coal,  from  tlie  coat  of  ashea 
which  covers  its  surface  during  its  combustion,  tie  explains  the  ex- 
istence of  this  coat  of  ashes  forming  or  this  coal  more  than  on  all 
others,  as  being  duo  to  the  purity  of  the  ashes  themselves,  which 
binders  their  vitrification  and  flowing  away. 

The  true  reason  of  Prof.  Johnson's  low  results  with  tliia  Lehigh' 
coal  is  no  doubt  that  he  used  too  thin  a  bed  of  coal  on  Itie  grate  for 
the  amount  of  draft  he  bod.    The  rate  of  combustion  was  very  low,. 
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6.A2  to  7.71  poimdB  of  coal  per  square  foot  of  grate  per  hour,  or  ouly 
half  of  that  eomiuoulj  used  in  good  modern  practice.  If  he  had 
attempted  Lu  iiicreHse  the  mte  of  cotubustiou  by  iiici-easliig  the  driift, 
leuviug  the  Ihicktietis  of  the  bed  the  eame,  he  might  have  chilled  the 
fire  BO  as  (o  put  it  out,  but  if  he  hud  thickeued  the  bed  so  ae  to  offer 
more  obstruction  to  the  passage  of  air  through  it,  he  might  have  ob- 
tained from  the  I^higli  coal  uii  good  a  rcBult  as  he  did  with  other 
coals^  which  tlieniBclrea  are  not  as  high  as  those  obtained  iu  several  of 
the  tests  with  unthrucite  coal  at  tlie  Centennial  Exhibition. 

The  difficulties  met  with  in  obtaining  the  proper  proportion  of 
thickness  of  bed  to  force  of  dmfl  with  authrucile  coal  are  increased 
when  wo  have  to  deal  with  bituminous  coal,  since  there  are  other 
variables  iu  the  problem  besides  those  of  size  of  coal,  thickness  of  bed, 
and  force  of  draft.  Chief  of  these  is  probably  the  varying  rate  of 
distillation  of  iiioiHture  and  volatile  maltur,  which  exists  not  only 
with  liiflferent  coals,  but  with  the  same  coal  during  tho  intervals  be- 
tween firings.  With  the  highly  volatile  coals  of  Illinois,  when  fired 
by  hand,  a  perceptible  change  in  the  furnace  conditions  is  made  every 
minute.  Immediately  after  firing,  the  supply  of  air  through  the 
grates  ib  too  little  to  hum  the  gases  that  are  being  distilled;  a  few 
minutes  later,  when  tho  gases  have  all  been  driven  off,  the  air-supply 
is  apt  to  be  exrejtsive,  and  this  supply  increases  the  longer  tlic  time 
which  elapses  until  the  next  firing.  With  such  coats,  burned  in  ordi- 
nary furnaces,  with  hand-firing,  it  ia  scarcely  possible  to  ubtaiu  au 
efficiency  as  high  aa  60:^  of  the  heating  value  of  the  coal,  while  with 
anthracite  coal  75^  is  not  QDCouimon.  By  a  series  of  experiments, 
checke<l  by  analyses  of  the  chimney-gases,  it  ia  possible  to  arrive  at 
almost  ideal  furnace  conditions,  and  hence  to  discover  the  proper 
method  of  firing  of  anthracite  coiU,  but  with  bituniinoua  coal  it  is 
impossible;  and  hence,  with  this  latter  coal  in  ordinary  fnrnaces  all 
kinds  of  firing  by  hand  are  improper;  some  may  ho  worse  than  others, 
but  they  are  all  had.  ^Millions  of  tons  of  coal  are  wasted  every  year 
in  the  bituminous  coal  districts  by  improper  kinds  of  furnaces  and 
improper  firing.  Remedies,  however,  are  available  in  improved  styles 
of  furimce  and  in  mechanical  stoking. 

Insufficient  Heating  Surface. — A  common  complaint  mude  by  the 
irchnser  of  a  now  Bteam-boiler  is  "  The  boiler  docs  not  make  enough 

km.*'  The  complaint  requires  an  immediate  investigation,  and  an 
evaporation  test  should  be  made  to  determine  how  much  steam  it 
actually  makes.    Tho  boiler  has  probably  been  guarante<^1  to  make  a 
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certain  amount,  aay  3  or  4  potiiida  per  hour  for  each  equare  loot  of 
boating  surface.  If  the  test  showa  that  it  makes  leju  than  thiaainuuiit* 
the  trouble  will  usually  be  foniiil  to  be  not  iusufticient  heating  sur- 
face, but  either  delicioiit  draft,  inaulficieut  grate  Burface  for  tlie  kind 
of  coal  used  and  for  the  draft  available,  uhuklug  up  the  grate  by 
clinker,  or  short-circuiting  of  the  gases.  The  remedies  to  be  applied 
are  such  as  will  iusure  the  buruiug  uf  BUtUcicnt  coal  and  such  an 
arrangement  of  the  gas-passages  as  will  prereut  the  ahort-circuitiug. 
If,  however,  the  boiler  is  found  to  be  evaporating  the  amount  of  water 
guaranteed,  the  seller  is  relieved  of  his  resiiousibility,  and  he  may 
properly  tell  the  purchaser  that  tho  beating  surface  ia  insufficient,  or 
in  other  words  that  the  purcrhaeer  bought  too  small  a  boiler.  The 
purchaser  may  reply  to  this  tliat  he  !i,us  other  boilers  which  are  erap- 
oraling  from  6  to  8  pounds  of  water  per  bour  per  square  foot  of  heating 
Bnrface,  and  an  evaporation  test  may  show  that  his  statement  is  correcL 
It  is  very  apt  to  show  also,  however,  that  the  boilers  which  are  driven 
at  this  rate  are  wasting  fuel  by  being  overdriven.  The  purchaser 
then  has  the  option  of  taking  means,  sunh  as  increasing  the  area  of 
tho  grate  surface  and  tbo  force  of  draft,  which  will  cause  the  new 
boiler  to  burn  more  coal  and  so  drive  it  up  to  the  rate  of  6  or  8  ponods 
per  hour  per  square  foot  of  heating  surface,  thus  waiting  coiil,  or  of 
buying  additional  boilers  sufficient  to  give  the  required  amount  of 
steam  at  the  rate  of  3  or  4  pounds^  and  thus  saving  fnel.  Whether  he 
will  do  the  one  or  the  other  will  ilepeud  on  the  price  of  coal  and 
whether  the  saving  will  warrant  the  extra  investment.  Tbe  general 
relation  of  rate  of  driving  to  economy  of  fnel  varies  so  greatly  with 
different  circumstances  tiiat  it  is  adviaahio  in  each  case  of  the  kind 
aniler  consideration  to  make  a  series  of  tests  to  determine  this  relation 
for  a  particular  plant  before  deciding  whether  to  purchase  additional 
boilers  or  to  drive  those  alroa*ly  in  plare  at  a  more  rapid  rate. 

If  a  test  is  made  of  each  boiler  in  the  plant  under  regular  working 
conditions  it  will  sometimes  he  found  that  no  two  of  the  boilers  are 
driven  at  the  same  rate,  and  that  an  equalizing  or  regulation  of  the 
draft  at  tbe  several  boilers  will  effect  an  imivortant  saving  of  fnel  and 
may  increase  the  total  capacity  so  as  to  make  the  purchase  of  addi- 
tional boilors  unnecessary.  The  author  once  made  a  teat  of  three 
boilers  in  the  same  plant.  The  first  was  a  long  distance  from  the 
chimney;  it  had  a  small  grate  and  large  heating  surface, and  the  draft 
was  insufficient  to  cause  it  to  develop  its  rated  capacity.  The  second 
bad  a  very  large  grate  surface,  was  close  to  the  chimney,  had  apowep* 
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ful  draft,  ttud  was  devclopiug  double  its  ruting,  while  wneling  30^  of 
the  Iiiel  as  cumpared  with  the  other  botlei'S.  The  third  was  betwceu 
the  other  two  in  location;  the  size  of  grate  and  draft  were  so  related 
to  each  other  that  it  developed  a  little  Tiinre  than  itti  rating  and  gave 

\h  very  high  cconon^y.     Tht*  evident  remedy  in  this  case  was  to  cttt 

[down  the  grate  surface  mid  check  the  draft  iu  the  secoud  bujlcr,  and 
to  increafie  botli  the  grate  surface  and  tlie  draft  in  the  fittit  boiler. 
The  total  horse-puwur  developed  by  the  three  boilers  would  then  be 

[the  same,  but  about  IU;!  of  tlis  fuel  would  have  been  auved,  uud  by 
then  increasing  the  draft  on  all  the  boilers  a  greater  horse-power 

Lcould  be  developed  with  the  original  con^uinptiou  of  fuel. 

Insufficient  hi^ating  surface  is  a  most  serious  evil,  and  it  is  often 
unsuspected  if  evaporation  tests  ure  not  made  It  is  always  the  cause 
of  waste  of  fuel,  but  if  the  boilers  give  all  the  steam  tiiat  is  desired, 
the  grate  surfaces,  draft  and  quality  of  cou)  being  such  that  the  boilers 
may  be  driven  far  beyond  tlieir  economical  rating,  their  waste  of  fuel 
may  never  be  discovered,  because  they  are  never  tested. 

Bad  Water.— The  troubles  arising  from  the  character  of  the  water 
UBed  for  steuin-boilerB  are  of  two  different  kinds:  1,  corrosion;  'Z,  in- 
crustation, or  scale.  Sometiaiea  both  troubles  exist  at  the  same  time. 
Corrosion  is  due  to  the  presence  in  the  water  of  some  oxidizing 
agent,  such  as  air,  L-arbotiic  acid  gas,  free  acids,  or  dissolved  salts,  such 
as  mttguesium  chloride,  which  have  a  corrosive  action  upon  iron  and 
Bteel.  The  purest  waters,  such  as  rain-wuter  and  melted  snow,  gener- 
ally contaitk  dissolved  gases,  and  sometimes  sulphuric  acid,  obtained 
from  the  atmosphere  in  localities  wliero  great  quantities  of  coal  con- 
taining  sulphur  are  burned,  and  theee  vaters  if  used  in  boilers,  tha 
inner  surfaces  of  which  are  clean  and  utiprotected  by  a  coating  of 
ecale,  may  canse  pitting  of  the  plates,  or  more  or  less  general  corro- 
rion.  The  corrosion  produced  by  such  waters  may  usually  be  pre- 
Tented  by  occasionally  adding  a  little  milk  of  lime  to  the  water,  jnst 
enough  to  cause  a  very  thin  coating  of  scale  upon  the  plates.  Pitting, 
which  is  due  to  dissolved  gases,  occurB  when  the  boiler  is  merely  warm 
to  a  much  greater  extent  than  when  it  is  hot  and  in  service.  When  a 
boiler  is  to  be  kept  ont  of  service  for  any  length  of  time,  particular 
care  sliould  be  taken  to  insure  that  the  water  in  it,  if  It  has  any  cor- 
rosive tendency,  should  be  ncntralized  by  the  addition  of  milk  of 
time. 

Distilled  water,  such  as  that  obtained  from  the  returns  of  steam- 
heating  systems,  in  which  exhaust  su*:irn  is  ds<jJ,  uud  from  surface- 
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condensers,  \%  aleo  apt  to  be  corrosive,  due  to  the  aocumulation  in  it 
of  fulty  aoids  generated  by  the  decoiiiposilion  of  the  vegetable  or 
aiiinial  uWz,  wbit-h  are  often  used  in  "  nompounded  "  lubricating  oila. 
Whtiu  such  water  ia  used,  the  oil  should  be  removed  from  itas  much  as 
possible  before  it  enters  the  boiler,  and  the  acid  ehonld  be  neutralized 
by  the  addition  of  a  very  small  auiouut  of  alkali 

A  much  more  irnporluiit  and  more  dangeroDS  cause  of  corroaioD 
than  tho8e  above  mentioned  ie  the  use  of  vater  coiituiuiug  free  aaX- 
phuric  ucid,  or  acid  suits,  such  ae  is  often  found  in  streams  in  the 
vicinity  of  coai-niines^  or  in  streams  polluted  by  the  discharge  into 
them  of  refuse  from  dye-works,  chemic:Ll-fuctorie8,  and  other  manu- 
facturing ustablishnieiits.  When  such  water  is  the  only  kind  available 
for  a  steam-boiler,  then  it  is  necessary,  in  order  to  prevent  its  corrod- 
ing the  boiler,  to  neutralize  the  acid  by  adding  an  alkali,  such  as  car- 
bonate of  soda,  to  the  water.  The  presence  of  acid  in  (ht  water  in  a 
boiler  may  be  tested  by  drawing  a  small  sjiniple  from  the  bottom 
gauge-cock  and  inserting  into  it  a  piece  of  blue  litniiis  paper,  which 
may  be  obtained  at  a  drug-store.  If  there  is  free  ucid  in  the  water 
the  blue  color  in  the  jiaper  will  be  changed  to  red.  lly  adding  alkali 
to  the  acid  water,  drop  by  drop,  aud  stirring  thoroughly,  the  red  color 
will  be  changed  back  to  blue  ns  soon  us  the  alkali  becomes  in  excess. 
In  order  to  determine  the  quantity  of  carbonate  of  Budu  which  should 
be  added  to  acid  feed-water  to  neutralize  the  acid,  a  pint  of  it  may  bo 
taken  from  the  supply-pipe  (not  from  the  boiler,  ae  there  the  ucid  may 
have  become  coiiciMitrated  by  evaporation),  and  a  strip  of  blue  litmus 
paper  be  immersed  in  it  for  half  its  h-ngth,  and  allowed  to  remain  a 
minute  or  two.  The  blue  color  of  the  wetted  portion  will  change  to 
purple  if  the  water  is  very  slightly  acid,  and  to  red  if  it  is  more  strongly 
acid.  Then  add  carefully  a  solution  of  carbonate  of  soda,  say  1  ouuoe 
dissolved  in  a  quart  of  water,  until  tlio  purple  color  begins  to  change 
to  blue  or  the  red  to  jjurple.  Measuring  the  rpumtity  of  the  solntiou 
which  has  been  required  to  effect  the  slightest  change  of  color  gives  □• 
a  means  of  estimatingtbe  amountof  carbonateof  soda  which  is  needed 
to  neutralize  the  acid  in  a  given  amount  of  acid  feed-water,  aud  make 
it  slightly  alkaline.  When  the  water  ia  exactly  neutral,  it  will  not 
change  the  color  of  either  red  or  blue  litmus  paper.  When  the  pro- 
portion of  atkuline  water  of  a  known  strength  required  to  neutralize 
the  acid  in  the  feed-water  has  thus  been  determined,  it  may  be  added 
to  the  water  either  in  the  supply-tank,  or  pipe,  in  the  fecil-water 
heater,  or  in  the  boiler,  as  may  be  most  convenient.     When  a  feed- 
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'water  henter  is  nsed  the  alkali  should  be  added  either  in  it  or  in  the 
«tipply  before  tlie  water  reaches  tlie  heater,  for  if  Dot  added  nutil  after 
the  water  paaseii  the  heater,  the  acid  will  corrode  the  heuter.  It  is 
better  alwuva  to  add  the  alkuli  iu  the  8upply*tank,  fur  the  acid  is  apt 
to  corrode  the  pump  and  the  pipes,  as  well  u  the  heater  and  the 
boiler. 

When  the  feed-water  contains  simply  free  acid  without  any  inipor* 
tant  amount  of  scale- forming  material,  euclt  as  lime  or  mngtiesia,  the 
treatment  by  carbonate  of  soda  is  usuiiUy  all  tliat  is  iicces^iury,  but 
if  lime  or  magnesia  or  both  are  present,  the  treatment  becomes  a 
more  complicated  matter,  and  it  is  then  most  desirable  to  call  in  the 
services  of  a  chemist  who  is  expert  in  the  treatment  uf  bad  feed-waters 
and  take  his  advice  as  to  the  method  of  purification  to  be  adopted. 
In  snch  cases  it  will  usually  be  necessary  to  use  large  settling- tanks, 
adding  caustic  lime  or  carbonate  of  soda,  or  both,  for  precipitating  and 
settling  out  tho  hydrate  or  carbonate  of  limo  formed  by  the  chemical 
reaction,  or  else  to  use  a  live-steam  feed-water  heater,  after  neutraliz- 
ing the  water  with  carbonate  or  caustic  soda,  in  which  the  scnle- 
forming  materials  will  bo  deposited.  It  is  necessary  iilways  to  avoid 
using  an  uxness  of  soda  or  other  alkali,  for  such  exoetis  is  apt  to  cause 
foaming.  As  the  quality  of  the  water  is  apt  to  vary  from  time  to  time, 
the  iinpnrities  diminishing  in  rainy  seasons  and  increasing  in  times  of 
drought,  it  Is  advisable  to  have  tests  of  the  water  mode  frequently, 
and  to  vary  the  amount  of  reagents  nsed  in  accordance  with  the  results 
of  these  tests.  Organic  matter,  contained  in  sewage  or  in  water  from 
BwampB.  peat-bogs,  etc.,  is  sumetimea  a  cause  of  corrosion,  which  may 
be  prevented  by  proper  chemical  treatment. 

Keroseue  oil,  which  ia  somotitncs  used  as  a  scale  preventive,  is  said 
to  be  sometimes  a  causo  of  corrosion,  dne  to  the  fact  that  the  oil  may 
contain  traces  of  the  6iilj)huriG  acid  which  was  used  in  Us  pnriGcatiou. 
Water  containing  chloride  of  magnesium  Is  apt  to  be  corrosive, 
since  this  salt  decomposes  at  high  temperatures,  liberating  free  acid. 
The  acid  may  be  neutralized  by  carbonate  of  soda. 

Weakening  of  the  plates  by  corrosion  is  one  of  the  greatest  dangers 
to  which  boilers  are  liable,  and  it  should  be  gnarded  agaiust  by  fre- 
quent and  thorough  in8|tection  of  the  interior  by  a  competent  luspeo- 
tor,  and  whenever  it  is  fonnd  no  expense  should  be  spared  to  prevent 
its  continuance.  If  the  corrosion  is  trifling  in  amount,  some  simple 
remedy  may  usnally  be  found,  such  as  rendering  tho  water  slightly 
AlkaliDe  by  lime-water  or  carbonate  of  soda. 


SometifflM  A  remedy  is  fonnd  io  hanging  sine  platet  in  the  vater  in 
the  boiler,  snspeudiiig  them  bv  vir«  or  rods  which  are  soldered  to  the 
upper  part  of  the  sbell,  so  as  to  make  an  electric  coDDeotion,  the  zinc, 
the  £te«l  plates  of  the  boiler  and  the  corrosiTe  water  thns  forming  a 
galvanic  battery,  the  zinc  being  eaten  away  and  the  iron  being  tbiis 
protected. 

The  following  note  on  the  use  of  zinc  is  taken  from  a  report  by  the 
Committee  un  Boilers  of  the  Institution  of  Mechanical  £n^nc«ra 
(16S4): 

Of  all  the  preeerrative  methods  adopted  in  the  British  serrioe,  the 
use  of  line  properly  distributed  and  fixed  has  been  found  the  noit 
effectual  in  saving  the  irou  and  steel  surfaces  from  corrosion,  and  also 
in  neutralizing  by  its  own  deterioration  the  hurtfnl  inflnenees  mei 
with  in  water  as  ordinarily  supplied  to  boilers.  The  zinc  slabs  now 
used  in  the  navy  boilers  are  12  in.  long,  6  in.  wide,  and  i  in.  thick; 
this  size  being  fooud  convenient  for  general  application.  The  amount 
of  ziijc  used  in  new  boilers  at  present  is  one  slab  of  the  above  size  for 
every  20  I. II. I*.,  or  abont  one  sqnare  foot  of  sinc-eurface  to  two  square 
feet  of  grate-surfsce.  Boiled  zinc  i^  found  the  nio«t  ic^iiitable  for  the 
purpose.  To  make  the  ziuc  pru}<erly  eOicient  u«  a  protector  especial 
care  must  be  taken  to  insure  ]terfeot  metallic  contact  between  the 
slabs  and  the  stays  or  plates  to  which  they  are  attached.  The  slabe 
should  be  placed  in  such  positions  that  all  the  surfaces  in  the  boiler 
shall  be  protected.  Each  slab  sLonld  be  periodically  examined  to  see 
that  its  connection  remains  perfect,  and  to  renew  any  that  may  have 
decayed;  this  examination  is  usually  made  at  intervals  not  exceeding 
three  months.  Under  ordinary  circumstances  of  working  these  zinc 
slabs  msy  be  ex[)ected  to  Inst  in  fit  condition  fn^m  sixty  to  ninety  days 
immersed  in  hot  sea-water;  bnt  in  new  boilers  they  at  fim  decay  mom 
rapidly.  The  slab.1  are  generally  secured  oy  means  of  iron  straps  S  in. 
wiJe  and  ^  in.  thick,  and  long  enough  to  reiich  the  nearest  stay,  to 
which  the  strap  is  firmly  attached  by  screw-bolla. 

On  the  same  subject  The  Locontotitt  says: 

Zinc  is  often  used  in  boilers  to  prevent  the  corrosive  action  of 
water  on  the  metal.  The  action  appears  to  be  au  electrical  one,  the 
iron  being  one  pole  of  the  battt^ry  and  the  zinc  being  the  other.  The 
hydrogen  goes  to  the  iron  shelland  escapes  as  a  gas  into  the  8C«sta. 
The  oxygen  goes  to  the  zinc. 

On  acconnt  of  this  action  it  is  generally  l)elieTed  that  zinc  will 
always  prevent  corrosion,  and  that  it  cannot  be  hurniful  to  the  boiler 
or  tank.  Some  experiences  go  to  disprove  this  belief,  and  in  numer- 
ous cases  zinc  bos  not  only  bveu  of  no  use.  bnt  has  oven  been  harmful, 
lu  one  case  a  tubular  boiler  ha<i  been  troubleil  with  a  depont  of  softle 
consining  cbieflv  of  organic  matter  and  lime,  and  zinc  was  tried  as  % 
preventive.  The  beneficial  action  of  the  zinc  was  so  obvious  that  its 
ooutiuued  use  was  advised,  with  frequent  opening  of  the  boiler  and 


TROUBLES  AND  B0ILER-V8BRS'   COMPLAINTS.     317 


\i  of  detached  scale  until  all  the  old  scale  should  be  re- 
the  boiler  become  cleuu.  Eight  or  ten  months  later  the 
ly  waa  changed^  it  heing  now  obtained  from  another  stream 
be  free  from  iirne  and  to  contain  only  organic  matter, 
ree  monthi^  after  its  introduction  the  tubes  and  shell  were 
coated  with  an  obsliuate  udliesive  scnle,  coaipoaod  of  zinc 
the  organic  ninttor  or  sediment  of  the  water  uaed.  The 
.d  become  so  heavy  in  places  as  to  cauao  overlieatiug  and 
the  plates  over  the  fire. 

[eorrosion  is  serious  it  may  be  TiecesBary  either  io  change  the 
or,  if  this  is  not  practicable,  to  treat  it  with  chemicals  m 
[filter  it  before  allowing  it  to  enter  the  boiler, 
ig  or  channelling  i«  a  kind  of  local  corrosion,  usually  found 
the  seams  nf  the  shell  of  a  huiler.      It  is  commonly  due  to 
tion  of  slightly  acidulated  water  and  of  strains  in  the  boiler- 
expansion  and  cDTitriLction,  which  cracks  the  scale  olT  the 
[poses  the  clean  metal.     It  is  an  extremely  dangerous  form 
>n.  aud  calls  for  an  immediate  remedy, 
ition    or    Scale.— The  formation  of  scale  is  the  most  com- 
boiler  troubles.     It  is  due  to  the  presence  in  the  fcod-watcr 
substances,,  some  of  wliich,  such  as  clay  and  finely  divided 
or  organic  matter,  are  curried  iu  suspension  and  others  are 
solution.      Of  the  substances   that  are  held  in  solution, 
as  carbonate  of  lime,  are  precipitated  by  heating  to  a  tern- 
\t  312°;  others,  such  as  sulphate  of  lime,  are  prf^cipitated  to 
htt  at  higher  temperatures.     Still  others,  such  as  common 
b«  precipitated  at  all,  but  remain  in  solution  until  enongh 
pVAporatod  away  to  cause  the  solution  to  become  saturated; 
ling  the  greatest  possible  quantity  of  salt  in  solution,  when 
ioB  to  orystallize,  and  it  will  then  rapidly  form  a  coating 
r-sarfaces. 

&  8Cale*forming  material  is,  like  common  salt,  incapable  of 
litated  by  heating,  but  capable  of  forming  solid  musses  by 
u  aud  crystallization,  it  may  to  some  extent  be  ))revented 
g  scale  by  freqnent  blowing  off,  so  as  to  keep  the  strength 
_  below  the  saturation-point.  This  was  tho  old  practice 
[boilore  using  Bca-wiitcr,  U'fore  surface^ondensers  and 
>ratore  came  into  use.  It  is  still  the  only  method  by 
can  be  used  in  a  att^um-lKiiler.  Sea-water,  however^ 
tto  of  lime  and  other  impurities  which  will  be  pre* 
lake  scale  at  high  temperatures. 


When  the  scale- formiiig  material  is  carried  in  suspension  in  the 
water,  whether  in  the  original  cold  feed-water,  as  in  the  ease  of  cla; 
in  muddy  water^  or  in  fine  particles  precipitated  hj  heat  in  the  feed- 
water  heater  or  in  the  boiler,  or  by  tlie  addition  of  chemicals,  the 
evaporation  oi  the  water  in  the  boiler  will  cause  this  material  to  aocu- 
muhtte,  and  it  will  give  rise  to  trouble  unless  it  is  remoTed.  It  is  apt 
tu  take  any  one  of  three  forms;  sometiiues  all  three  of  them  may  b« 
formed  from  the  same  water.  The  first  is  scum,  which  floats  on  top 
of  iho  water,  and  may  bo  removed  by  a  scum-collector  and  a  surface 
bluw-off.  The  secuud  is  noh  mud,  which,  while  it  is  in  a  very  soft, 
almost  liquid  contlition,  may  be  blown  out  through  the  hlow<off  valve, 
or  when  the  boik-r  is  laid  off  for  cleanjug  may  be  washed  out  with  & 
jet  of  water  from  a  hose.  The  third  is  solid  scale,  ranging  from 
a  soft  chalk  which  may  easily  bo  broken  by  the  lingers,  to  hard 
cement  or  a  porceluiti-like  substance  which  it  is  difficult  to  break  or 
cut  by  u  hammer  and  chisel. 

The  scum,  which  at  first  floats  on  the  surface,  will,  if  allowed  to 
accumulate,  sink  und  be  deposited  on  the  tubes  or  shell  of  the  boiler, 
and  will  becouitj  either  mud  or  scale.  The  mu<l,  which  may  bo  washed 
out  of  the  boiler,  may  ulso  become  cemented  by  the  other  substances 
precipitated  from  the  water,  or  nmy  be  baked  on  the  shell.  Scale 
attaches  itself  to  all  the  metal  Biirfaoes  of  rhe  boiler,  including  tubes, 
rivet-heads,  braces,  etc.,  as  woll  as  to  the  shell. 

The  etTect  of  scale  in  a  boiler onlinnrily  is  to  reduce  both  its  steam- 
generutiug  capacity  and  its  economy,  nincc  it  is  not  a  good  conductor 
«f  heat,  and  therefore  diminishes  the  transmission  of  heat  through  the 
plates.  It  is  also  often  highly  dan;rerons,  whenever  it  aceninulatea  to 
such  an  extent,  at  a  part  of  the  shell  which  is  exposed  to  flame,  or  to 
very  hot  gases,  that  the  plates  become  overheated  and  weakened.  A 
thin  scale  may  form  on  the  tubofi.  bo  cracked  off  by  their  expansion 
and  contraction,  or  detached  by  the  action  of  some  "  boiler  com* 
pound,"  and  may  then  be  carried  by  the  circulation  and  deposited  in 
a  thick  mass  on  the  shell  over  the  fire.  This  may  cause  a  '*  bagged  " 
plate,  or  a  crack  and  an  explosion. 

The  amount  of  the  loss  of  economy  due  to  scale-deposit  is  often 
overestimated.  We  frequently  see  statements  published  to  the  effect 
that  scale  -|^  inch  thick  will  increase  the  quantity  of  fuel  required  by 
a  boiler  15  per  cent,  J  inch  SO  per  cent,  etc.,  but  there  seems  to  be  no 
experimental  basis  for  this  statement.     It  is  probable  that  the  de- 
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creue  of  beat  tratismttted  depends  upou  the  kind  of  scale  as  well  aa 
upon  its  thickness,  and  that  it  is  not  proportional  to  the  thicknesB, 
but  increases  at  a  slower  rate.  If  the  scale  is  dense  and  hard,  so  as  to 
be  practJcaltj  waterproof,  a  thin  coating  of  it  may  be  an  effective  uoii- 
condnctor,  and  it  may  be  a  source  of  great  danger  aa  well  as  of  loss 
of  economy.  If,  however,  it  is  porous,  as  many  scales  are,  it  will  allow 
water  to  pass  througli  it  to  the  metal  surfaces  of  the  boiler,  and  the 
decreased  trauamisaion  of  heat  will  be  very  slight.  The  antlior  once 
made  a  test  of  a  water-tnbe  boiler  which  had  a  coating  of  scale 
throughout  its  whole  heating  surface  of  abuiU  i  inch  thick,  and  ob* 
iained  practically  the  same  evaporation  as  he  obUiined  a  few  days  later 
after  the  boiler  hud  been  cleaned.  This  is  only  one  case,  but  the 
result  is  not  unreasonable  when  it  is  known  tliat  the  scale  was  very 
suft  and  porous,  and  was  easily  removed  front  the  tubes  by  scraping. 

1*he  methods  of  trcntment  adopted  for  the  removal  or  prevention 
of  scale  are  numerous.  'I'Ue  most  common,  perhaps,  is  to  allow  it  to 
accumulate  in  the  boiler  until  it  is  thought  to  be  thick  enough  to  be  a 
source  of  danger,  or  of  loss  of  economy,  and  then  to  remove  it  by 
mechanical  means.  This  may  be  a  good  enough  method  in  some  cases, 
especially  when  the  water  is  not  very  bad,  so  that  it  requires  several 
months  for  a  coating  of  objectionable  thickness  to  form,  when  the 
scale  is  of  such  a  nature  that  it  does  not  detach  itself  and  nccunmlate 
in  thick  patches  over  the  fire,  and  whon  the  boiler  is  of  such  a  con- 
struction that  It  is  possible  to  clean  it  thoroughly,  such  as  a  waler-tnbe 
boiler  with  straight  tubes. 

Another  method,  commonly  used,  is  to  introduce  periodically  into 
the  boiler  a  solution  of  some  chemical,  such  as  caiiatic  soda,  tauTiate, 
corbonate  and  phosphate  of  soda,  etc.,  whicli  will  cause  a  cliangc  in 
the  chemical  composition  of  the  scale-forming  material,  making  a  pre- 
cipitate which  may  be  easily  removeil  and  a  soluble  matenal  which 
may  be  kept  below  the  point  of  concentration  by  occasional  blowing 
off. 

These  cbemicids  form  the  base  of  many  of  the  "  boiler  compounds," 
some  of  which  may  cure  the  diseasL-,  while  many  will  not,  although 
they  are  sold  at  a  very  high  price  compared  with  the  market  value  of 
the  chemicals.  In  relation  to  these  compounds  Mr.  Albert  A.  Gary 
says: 

Never  use  any  boiler  compound  unless  yon  know  positively  just 
what  it  is  composed  of,  and  how  it  will  affect  the  impurities  in  your 
boiler  and  the  boiler  itself.    Ju  the  treatment  of  bo Ult- waters,  always 
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start  with  a  careful  analysis  of  Ibe  water,  made  by  a  comiMtatit  chem- 
ist who  litts  ejperience  lu  this  Hue.  Next,  if  you  are  thiiikiiis'  uf  using- 
any  cbeiHical  that  has  been  offered  for  treatment  of  your  boUer-water, 
let  your  chemist  analyze  it.  Jf  you  are  dfAling  with  straightforward 
people,  tliov  will  generally  tell  you  the  exact  conipusicion  of  their 
material,  which  your  chemist  caix  verify  eusily.  after  whicli  he  will 
be  prepared  to  adtise  properly.     {Engitieeririg  Magazine,  June,  1897,) 

In  1881}  a  report  made  by  the  Bavarian  Steam-boiler  Inspection 
Association  gave  a  Hat  of  twenty-seven  boiler  compounds  which  bad 
been  analyzed.     It  commented  on  them  as  follows: 

AH  secret  compounds  for  removing  boiler-scale  should  be  avoided. 
Such  secret  preparations  are  either  nonsensical  or  fnmdnlent,  or  con- 
tain either  one  of  the  two  substances  (soda  or  lime)  rei:omuiended  by 
the  Asaocialioii  for  removing  scale,  ^euerully  soda,  which  is  colored 
to  concL'ftl  its  presence, and  sometimes  adulterated  with  useless  or  even 
injuriouri  matter.  These  additions,  as  well  as  giving  the  comiK>und 
some  strange,  fanciful  name,  are  meant  simply  to  deceive  the  boiler- 
owner  and  conceal  from  hirn  the  fact  that  he  is  bnyiiig  i:olored  aoda, 
or  similar  substances,  for  which  he  is  payirkg  an  exorbitant  price. 

Besides  the  methods  of  removing  the  scale  after  it  has  encrusted 
the  boiler,  and  preventing  its  formation  by  means  of  chemicals  intro- 
duced into  the  boiler  and  frequent  blowing  off,  there  are  many  ways 
of  treating  water  to  remove  its  scale-forming  material  before  allowing 
it  to  enter  the  boiler.  A  common  method,  and  for  some  kinds  of 
water  one  of  the  best^  is  to  heat  tiie  water  in  an  open  feed-water  heater. 
If  the  scale-forming  material  is  simply  bicarbonate  of  lime,  that  is^ 
mono-carbonate  held  in  solntion  by  carbonic-actd  gas  dissolved  in  the 
water,  it  may  be  almost  entirely  precipitated  by  continued  heating  to 
drive  off  the  carbonic-acid  gas.  The  insoluble  earlwnate  thus  precipi- 
tated will  attach  itself  to  the  plates  of  the  heater,  which  therefore 
needs  to  be  cleaned  frequently.  Even  sulphato  of  Time  can  be  precipi- 
tated to  a  considerable  extent  by  heating  it  to  about  300"  in  a  live- 
steam  feed-water  heater,  such  as  the  Hojipes. 

When  the  watnr  is  very  bad,  the  feed-water  heaters  may  prove  in- 
gnfllcient  to  purify  it,  and  then  recourse  must  be  had  to  treatment  of 
the  water  by  chemicals  in  tanks,  and  subeequent  slow  settling  or 
filtration  to  remove  the  sediment  formed.  Hydrate  or  milk  of  lime, 
carbonate  of  soda  and  caustic  soda  are  the  chemicals  used.  This 
method  ref)uire«  a  somewhat  expensive  equipment,  and  great  care  in 
its  operation.  It  should  not  be  undertaken  without  competent  expert 
advice  together  with  chemical  analysis. 
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Keroeeiio  oil,  and  other  reQned  petroleum  oils,  heavier  than  kero- 
«ene,  are  sometimes  used  with  good  eflect  in  boilora  to  prevent  the 
scale-forming  luateriait;  attaching  theinselveti  to  the  boiler.  Theaa 
oils  appear  Lo  rot  tho  scale  so  that  it  may  easily  br  removed.  Crude 
oil  should  Dever  be  used,  as  it  gives  off  itiHammable  vapors,  and  leaves 
■  tarry  residuum  which  may  form  with  ihe  scale  a  tough,  greasy  dfr 
posit  on  tlie  plates  over  the  fire  and  cause  them  to  burn  out. 

A  condensed  stimrnnry  of  the  various  causes  of  incnistaCion,  cor- 
rosion, etc.,  and  their  remedies,  is  given  atj  follows  in  a  paper  by 
Messrs.  A.  K.  Hunt  and  G.  U.  C'lapp,  in  the  Transactions  of  the 
American  Institute  of  Miuiug  Knginoers,  vol.  xvii.  p.  338,  and 
credited  to  Prof.  L.  M.  Norton,  as  follows: 

CAUSES   OF   INCRDSTATIOK. 

1.  Deposition  of  suspended  matter. 

2.  Deposition  of  salts  from  concentration. 

3.  Deposition  of  carbonates  of  lime  and  msgnesia  by  boiling  oS 
carbonic  acid,  which  holds  them  iu  solution. 

4.  I)e]i08ition  of  sulphates  nf  llnio,  because  Gulphutc  of  lime  is  sol- 
ubie  in  cold  water,  less  soluble  in  hot  water,  insoluble  above  270"  F. 

5.  Deposit  of  magnesia,  because  cortain  magnesium  salts  decompose 
at  high  temperatures. 

6.  Deposition  of  lime-eoap,  iron-soap,  etc.,  formed  by  saponifica- 
tion of  grease. 


METHODS  OF   PBEVENTINO   INCRDSTATIOV. 

1.  Filtration. 
1.  Blowing  off. 

3.  l'?e  of  internal  collecting  apparatus,  or  devices  for  directing 
the  cimihition. 

4.  Heating  foed-water. 

5.  ('hpmit'jil  or  other  treatment  of  wa*er  in  boiler. 
5,  IntrfMhiption  of  zinc  in  boiler. 
7.  Chemical  treatment  of  water  outside  of  boiler. 


Tmi  MtMntn  >>8uhBTiincD. 
8«*fllmeat,  mnJ,  cIbt,  rIc. 
Itoatlll]'  snlnble  luiltfl. 


Tmtihlw. 
Incrustation. 
Incmstfttinn. 


R^mMr  or  r*lttiuloa.- 
Klltration;  blowing  off. 
Blowing  off. 


BlearboDiitM   of    l\m»,  mMg-  I  ,„,„.„,.,.„„    1  HuOng  feed;  •dclitlon  of  cansUo 
nwla.  and  Iron.  f  IncrurtatioD.  i     ^^^  ^.^^  ^^^ 
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TfOubtMOrae  SutMUUiw. 

Sulptiata  ol  lime. 

Chloride  of  mafraasiam. 
CarlwnaCe  of    sodt  iu   Urge  \ 

Acid  (in  min^-wstar). 
l>iiwolvod  carbonic  acid  and  \ 

Grcast)       (from       eonilenaeil  \ 

water).  \ 

Organic  matter  {Mwage).  -; 


TroubW. 

iQcruflUtion. 

Cornwjon. 

H  riming. 

CorroaioD. 

Gorrosioii. 

t^rnii^ion  or 
incru  station. 

I'riUitiig. 
corrofliui).  or 
iucrn  station. 


Kemedr  or  Falliattoo. 
Aililition    of    carbonale    Of    »oda» 

barium  bfdrate,  etc. 
AddttioD  of  carb<]Date  of  soda,  etc 

AdditioD  of  barium  cUlorkle,  etc. 

Alkali. 

Feed  milk  of  liiue  to  the  boUor.  to 
form  a  tliia  iuternal  cobiId^. 

Diffarent   eaiw»    require    different 

■     remediao.     Couauu  a  opocialiat 

on  tbe  subjed. 


The  subject  of  tho  scioutiHc  treatnient  of  bad  feed-watere  is  a 
large  and  complex  une^  and  the  practical  application  of  the  proper 
methods  is  rather  recent  in  this  country.  Those  who  are  further  in- 
tereiited  in  this  itmltcr  ehoiild  cunsiiU  tbe  paper  of  Messrs.  Hunt  and 
Olttpp,  from  whicli  the  above  giimnmry  is  taken,  and  also  Mr.  Albert 
A.  Carj'a  paper  ou  Corrosion  and  Scale  from  Feed-waters,  in  the  En- 
gineering Magnzrite  for  March,  April,  May,  and  June,  1807.  Accounts 
of  the  use  of  petroleum  fur  preventing  incrustation  will  be  found  in 
Trans.  Am.  Soc.  M.  E.,  vnl.  ix.  and  xi.,  a  statement  of  the  method  of 
purification  used  by  the  Sulvay  Process  Company,  Syracuso,  N.  Y.,  iu- 
Tol.  xiii.  p.  2.'>.'i,  and  a  dencriplion  of  the  methotl  used  on  the  lino  of 
the  Soutlicm  Pacific  ItaiJway  in  a  paper  by  Mr.  Howard  Stillman,  in 
vol.  xix.  p.  415. 

The  Use  of  Boiler  Compounds.*— To  the  majority  of  steam-tii. ^ 

anything  that  is  put  into  a  boiler  to  lesson  truubios  due  to  the  forma* 
tion  of  scale,  is  a  "  boiler  compound."  and  the  fact  that  these  various^ 
•o-c«lled  componnde  act  differently  in  their  endeavor  to  accomplish 
their  ijorpose  10  not  generally  nndor«tood.  Such  nostrums  may  be  di- 
vided into  three  classes: 

First — Those  attacking  tbe  scale-producing  material  chemically. 
These  act  {is  reagents  and  combine  with  the  matter  precipitated  froin 
the  feed-water,  furnnnj;  a  third  substance  different  from  either  the 
original  precipitated  solids  or  the  "  reagent,'*  the  theory  being  that  the 
now  substance  will  not  form  into  a  hard, resisting  scale,  and  therefore 
can  be  more  easily  removotl  by  blowing  off  or  bj  the  cleaning- tools 
used  after  the  boiler  is  opened. 

Second—Those  acting  mechanically  upon  the  precijiitated  nrvs- 
tals  of  scale-making  matter  soon  after  they  are  formed.  Such  "com- 
pounds" are  of  a  glntinous,  starchy  or  oily  nature, and  become  at- 
tached  to  the  surface  of  the  newly  formed  crystals  (precipitated  froiik 
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the  vater)  sarronnding  them,  as  the  skin  does  an  orange;  and  when 
these  crystals  fall  together  thoy  are  thus  rohbtnl  of  thoir  ccment-Iike 
action,  whicb  freqneuily  occun  wheu  Lhe;  are  allowed  to  cume  in  im* 
mediate  contact. 

Third — Those  actiug  both  mechanically  (as  juit  described)  and  also 
as  a  solvent,  the  latter  action  parunlly  dissolving  acalo  already  formed, 
and  liy  this  "  rotting  "  etfect  (as  it  is  often  called)  preparing  the  scale 
for  easy  removal. 

The  "compounds''  under  the  first  division  (which  act  chemically 
upon  the  scale-forming  matter)  also  frequently  accomplish  this  saini} 
rotting  elTect  upon  si'ale  formed  previous  to  their  u«e.  Still  otlkcr  di- 
visions or  snh-di visions  might  pusaibly  be  made,  bub  the  above  will 
suffice  for  a  good  genera!  idea  of  the  subject. 

Talcing  ap  our  tirst  division  of  this  subject,  we  find  that  the  prin- 
cipal ingredients  used  in  such  "  compounds  *"  are  soda  ash  (or  carbon* 
ate  of  soda)  and  tannin  mattaru,  wliile  we  sometimes  llnd  cuuaLic  soda, 
sal  soda,  acetic  acid,  and  nuuicrous  other  active  agents  which  are  gen- 
erally leas  efficient  in  their  action  on  tlio  scale- forming  matter  and 
more  harmful  to  the  boiler  and  its  flttings. 

In  order  to  disguise  theue  very  clieap  chemicals  and  help  the  "com- 
pound"  vender  get  big  prices  for  his  powder  or  liquid,  whichever 
It  may  be,  there  are  often  added  other  snbatiincea  which  generally 
render  the  active  agtiutti  less  efHuieut.  and  tliey  frequently  fall  un- 
changed to  the  bottom  of  the  boiler  with  the  scale,  thus  inci-eosing 
the  depoxit  and  aggravating  the  trouble. 

Such  abided  substanoes  include  clay,  chalk,  aantl,  etc.,  and  some- 
timos  coloring  matter  is  used  to  disguisis  the  original  chemicals,  such 
u  tooacco-juice,  iron  scraps,  lampblack,  spent  tun,  otc. 

The  principal  scale-making  imptirities  prccipltaitud  In  boilers  ara 
carbonate  o'  lirao  (OaCO.),  carbonate  of  magnesium  (MgOO,),  sul- 
phate of  lim.  (CaSO,)  and  sulphate  of  magnesium  (MgSO,),  and  al. 
though  there  are  generally  other  precipitates,  notice  of  these  alone 
will  be  snilicicnt  for  the  present  consideration. 

The  chemical  action  taking  place  when  some  of  the  above-named 
active  ogenU  are  used  may  bo  traced  as  follows  : 

Soda  aiih  id  a  dry  impure  carbonate  of  soda,  from  which  the  pur»> 
alkali  is  afterwards  made. 

The  oarbanato  of  aoda  (Na,CO,)  is  used  to  act  upon  the  sulphate 
of  lime  and  magueitia,  as  shown  in  the  following  chemical  formulae: 


'   '    of  iiime 
CaSO. 


and 


Carbonate 
of  Soda 
Na,CO, 


form 


Carbonate 
of  Lime 
CaCO. 


Sulphate 
of  Soda. 
Na.SO. 


,,x    Sulphate  of     „.  Carbonate  *„.„   Carbonate  of       ,  Sulphate 

(*)    Magnesium   ""^     of  Soda    ^""'"^      Magnesia      ^'"^    of  Soda. 

MgSO,        +       Na.CO.      =  MgCO,        +      Na,SO, 

Both  the  carlionate  of  lime  and  carbonate  of  magnenia  are  held  in 
solution  through  the  presence  of  carbonic  acid  gas  dissolved  in  the 
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water,  which  unites  with  them  and  changes  the  monocarbonates  into 
bicarbonates  (which  are  only  knowu  to  exist  in  eolation),  as  shown 
thus: 

Carbonate^  Carbonic^^^  ^^^^^^  j^^^  ^'^If^l^^^  V.T.'Sf 

of  Lime  Aciu  of  Lime,  txpresseu 

CaULO,    +       CO,      +      H,0     =  CaO(CO,),H,0  =  C:ilf,(CO,). 

In  a  similar  manner  the  bicarbonate  of  magnesium  is  formed 
from  thti  mouocarbonate  thus : 


C'BrlHiiiiiii-  <if 

MH);iit')<iuiii 

41gOt:o, 


+ 


Cnrbonic 

Acid 
CO, 


And  WatBr   form 


Bkarbnnate  GeiiAmllx 
of  MK)^ne«iutn.  ExiirC'Med 
MgO(tO,hII»0  =  MgU.U'O,), 


The  monocarbonates  (or  single  carbonates)  of  lime  and  ma^iraia 
are  but  slightly  soluble  in  water,  whereas  the  bicarbonates  (or  double 
carbonates)  are  very  soluble  in  roid  water,  and  this  fact  will  account 
for  the  presence  of  the  large  (|uaiiLitieH  of  lime  and  uiaguesiain  boiler 
waters  as  carbonates. 

When  waters  containing  the  bicaibonatee  are  heated,  the  rise  iu 
tetnporatuie  drives  ofT  the  extra  carbonic  acid  gas  and  leares  behind 
the  practically  itisoliiblc  monucarbonates,  wliicli  are  precipitated. 

When  u  temperature  of  ISO*  Fahr.  is  reached,  a  considerable  per- 
centage of  the  bicarbonates  is  precipitated  (as  insolnblo  monocar- 
bonates),  and  at  'i'JO^  Fahr.  (a  temperature  corresponding  to  43  lbs. 
gange-pressure)  the  precipitation  is  nearly  completed,  after  a  thor- 
ough boiling. 

Scale  formed  from  the  monocarbonate  of  lime  ia  seldom  Torj 
troublesome,  if  not  allowet)  to  accumulate  in  too  large  a  quantity,  nor 
allowed  to  remain  in  the  boiler  for  a  long  time;  while  the  pn.'cipi- 
tated  monocarbonate  of  inaKiiesia  giTcs  slightly  more  trowble,  due 
to  the  fact  that  it  seldom  is  found  in  scale  as  a  monocarbonate.  All 
the  contained  carbonic  acid  {CO  )  is  generally  lost  from  the  bicar- 
bonate of  magnesia  (MgO(CO,),H,0)  by  the  time  it  forms  a  crnst. 
leaving  behind  the  hydrate  of  magnesia  (MgO  +  H,0  =  MgOJl,). 
which  acts  as  a  cement  and  binds  closely  together  (though  not  very 
strongly)  whutarer  precipitated  matter  it  miiy  come  in  contact  with.' 

This  hydrate  of  magnesia  it>  very  line  and  light  when  precipitated 
and  requires  a  com{>arative]y  long  time  to  settle. 

The  sulphates  of  lime  and  magnesia  are  very  aolnble,  dissolving  in 
water  direct,  without  requiring  the  presence  of  carbonic  acid  or  any 
other  foreign  agent. 

The  amount  of  sulphate  of  lime  which  can  be  dissolved  in  one 
United  States  gallon  of  water  at  different  temperatures  may  be  ap- 
preciated by  examining  the  following  table: 

At  32*  Kuhr.,  120  gmins  per  gallon. 
At  95"  Fahr,  148  grains  per  gallon. 
At  212°  Fahr.,  127  grains  per  gallon. 
At  250°  Fahr.,  9  grains  per  gallon. 
At  from  260"  to  302"  Fuhr.,  it  is  practically  insoluble. 
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This  latter  toiiipcrature  (303°)  corresponds  to  55  lbs.  gauge-pres- 
finre,  and,  therefore,  wlieii  water  is  thoroHglUy  boiled  at  this  temjHira- 
tnre,  practically  all  of  the  sulphiitea  will  he  precipitated.  'J'lie  orys- 
tala  of  fliilpliare  of  lime  will  be  found  cu  be  long  and  needle-like,  and 
also  very  heavy  and  iiosseaaing  cenient-liku  qualities,  so  tlipy  fall 
rapidly,  and,  miiing  with  the  precipitated  eiirbuiiule^,  they  hind  them 
tcigether  into  a  hard,  re»islitig  iii:wj?,  (lifflcnlt  to  remove  with  even 
hammer  and  oliisel,  if  lliey  form  a  consiiierahle  proportion  of  the 
dcale. 

It  is  here  where  the  active  agent  in  the  compound  is  suppostKl  to 
take  eflfect,  and  by  referring  to  the  reaction  given  above— iii  tlio 
formula  (ri)  and  (//) — when  the  t'arhonatc  of  scda  ig  need,  it  will  be 
seen  that  tJie  sulphates  of  lime  and  niaguesia  are  clmugcd  iiitu  uir< 
boiiKlecj^  which  are  pi'ecipitated  and  form  a  scale  varying  front  a  more 
or  lea*  porous,  friable  crust  to  a  "mnsli  "or  nind.  The  sulphate  of 
sudu,  wliich  h  also  formed  by  this  reaction,  is  oxtremely  soluble,  re- 
aiaining  in  solution  at  nearly  all  boiler  temperatures  aiid  forming  no 
scale,  unless  allowed  to  concentrate,  and  this  is  prevented  by  '*  blow- 
ing off  "  occasionally. 

The  tannin  matters,  referred  to  above,  are  obtained  from  various 
vegetable  sourcea  cuntaining  tannic  acid,  such  as  certain  kinds  uf 
snmiich,  gallnuta,  catechu  (or  cutch)  bark.  etc.  Tannin  is  genemlly 
combined  with  Rotla  to  form  the  tannate  of  soda  for  use  M'ith  boiler 
waton  to  keep  ihu  di-pusit  soft  or  iu  8U8i>enaion.  Its  action  is  sup- 
posed to  bi->  as  follows: 

The  tannate  of  goiiu  decomposes  the  curbonatea  of  lime  and  mag- 
nesia as  they  enter  the  boiler,  and  tannates  of  lime  and  magnesia  aro 
precipitated  in  a  light,  floccnlent.  nmorplious  form  and  are  long  kept 
m  8iis])enaion  by  the  circulating  currents  of  water,  until  they  llnally 
are  deposited  in  a  loose,  mushy  mass  in  that  part  of  the  boiler  where 
the  circulating  currents  are  the  weakest,  or  possibly  in  the  mud-drum. 

When  the  above  reaction  takes  place  tlie  carbonate  of  soda  is 
formed,  which  reacts  with  any  itilpbates  thai  may  be  present, us  has  al- 
ready been  described. 

The  use  of  tannic  acid  in  the  boiler  cannot  be  recommended  un- 
reservfwily,  as  it  will  attack  the  iron  aa  well  as  the  carbonates  (al- 
though, of  course,  more  hIowIv).  and  anything  that  will  corrode  the 
boiler  itself  certainly  cannot  be  desirable.  To  test  this,  any  one  cau 
obtain  a  few  cents'  worth  of  tannic  acid  from  the  druggist,  and  br 
dissolving  the  crystals  in  a  glass  of  water  and  a«lding  somo  iron  fil- 
ines  a  very  fair  quality  of  ink  can  be  made^  due  to  the  action  of  this 
acid  on  the  iron. 

In  practice,  the  reaction  of  caustic  smia  (Na,0,H,)  with  the  sul- 
phates seems  to  be  more  active  than  when  the  carbonate  of  soda  is 
used,  the  probable  reaction  being  as  shown  thus: 

Snlplml«  .„.  Carlwnic  ,„j  Cauntlo  ,„,^  Caustic  _^  .  Carbonic  _„ .  SulpliaU 
of /.in.*  "''  Add  "**  Socla  '°"^  I-im^  "^  Acid  ■""*  of  Kodu 
CaBO*      +         CO,         -t-    aN«OII     =     CaHjO,     +         CO,         +      Ni.SO, 

The  carbonic  acid  used  in  this  formula  results  from  the  preclpilft- 


The  HBe  of  caustic  soda  may  be  considered  less  desirable  than  the 
use  of  tlie  r-arhoiiate  of  sodu  for  nevunil  reasons. 

In  thu  lirst  piact:  this  prfsurit  in  excetis  will  cause  violeut  foaniing 
in  tbo  boiler,  ami  with  this  foam  often  the  li<;;ht  pi-e<:i[>itated  nialtcr 
in  the  boiler  will  be  carried  along  si eam-pipoi*  into  vaWe-nealu,  gau^e- 
gliusstiii,  etc.  It  will  aUo  uttaiik  and  cause  uurrusion  uf  tliu  br&ns  fat- 
tings,  and  it  is  nlsodatigoroLis  t^  hiindio,  owing  to  Its  caustic  qualities, 
burning  the  flesh  painfully  wherever  it  couies  in  contact. 

Ar)  excess  of  carbonate  of  soda  may  aJso  cause  foaming  id  the 
boiler,  but  not  as  violent  as  wbun  canstic  soda  is  used. 

Sal  ammoniac  (ammonium  chloride,  NII,UCI)  is  most  undesirable 
for  nse  in  a  boiler,  dne  to  the  liberation  of  hydrochloric  acid  v^^^'l) 
following  its  infrodm-tion  into  the  boiler.  Tlua  acid  leaves  tlie  boiler 
in  a  vaporuns  furui,  with  the  steam,  corroding  ihc  boiler>  |>iping,  and 
nearly  everything  it  comos  in  contact  with. 

There  are  othor  "  enmpoiinds  "  falling  under  this  classilicaliim,  of 
known  chemical  composilton,  winch  lire  more  satisfactory  llian  those 
named  above,  8tii'!i  hh  biRodinm  )>hos]i'iiato  and  trisodiiim  phosphate, 
the  latter  being  obtainuhle  in  both  a  hydrous  and  anhydrous  state.  Tho 
latter  is  Ie.?8  )>itlky  ancj  its  i-eaction  with  tho  ealphate  of  lime  is  sliowu 
by  the  following  formula: 

i 

3  Parts 

Sulphate  of  Soda. 

:»Xa.SO. 

The  phosphate  of  lime,  after  this  reaction,  falls,  forming  a  slushy 
mini,  making  at  the  most  a  very  weak  crust,  while  the  sulphale  of  soda 
renuiin!^  in  soluiion,  as  previously  described. 

The  fluori<ie  of  sodium  is  anullier  "  compound  "  of  known  oompoai- 
Lion,  which  luis  also  proved  satisfactory,  especially  when  much  sal- 
phate  of  magnesia  is  present;  its  reaction  with  the  sulphate  of  lime 
being  as  follows: 


2  pHrts 

:t  Parts 

Trii^mliuni 

and 

Sulphate  form  Pbos])hate        . 
of  Lime                of  Limo    *"^ 

Phosphate 

3Na,l'0, 

+ 

;iCa.SO.      =      Ca,(PO.),     + 

I 


3  Parts  of 

Fluoride  of  Sodium 

3lNaF) 


and 


Sulphate 

of  Lime 

CaSO. 


form 


Fluoride 

of  Lime 

CaF. 


„„.   Sulphate 

*°^     ofS«la 

-f     Na,SO, 


The  fluoride  of  lime  precipilate<l  in  the  boiler  behaves  much  like 
tho  phosphate  of  lime  just  descrihml,  while  the  remaining  sulphate  of 
soda  is  found  in  solution,  as  slated  above. 

The  second  division  of  compounds  includes  a  class  of  matoriala 
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vhich  are  gradually  falltr^  into  disuse,  duo  to  their  proved  iindesira- 
bility.  Tliey  thicken  and  foul  the  wiiter  l!J  the  boiler  itnd  coat  its  sur- 
faces with  uon-condiictitig  material,  mid  occasion  ally  tlie  precipitated 
BCuloirmkiii^  Euatt-er,  along  with  this  class  of  compuuiid,  will  obstruct 
the  passage  of  heat  Lhrougfi  thehoiler-platcs,  eo  as  to  cutitte  bagging  and 
hu  riling. 

In  tliia  class  we  find  slippery  elm.  ground  hones,  horns  and  hoofe, 
jwtutoeB,  tlextrme,  and  slarcli,  iiuinml  futs  uiid  animal  or  vegetable 
table  oils. 

As  riipidly  ae  the  scale- forming  crvetals  are  precipitated  from  the 
feed-wutcr,  they  fall  into  this  sticKy  fluid  and  become  coated  with  its 
filili,  Jitid  they  finally  fall  to  the  place  of  deposit,  where  they  remain  in 
a  mushy,  separated  state  nntil  the  organic  matter  chances  to  be  burned 
out,  when  tnov  will  form  into  a  loose,  friable  scale. 

A  surface  ulow-oft  or  skiniming  device  it<  must  ciSi>ntial  to  refluce 
the  evil,  when  this  class  of  frompound  ia  nst-d,  aiul  the  bottou  blow-oil 
oock  should  also  be  opened  very  frer|nontly. 

The  priiioipal  sultstanoes  used  for  the  third  class  uf  coni|iunnd8  are 
petroleum  and  kerosoiie. 

IVtruleum  oi!  lins  nuich  more  of  the  enveloping  quality  described 
iiiidi*r  the  hutt  (or  third)  classification  than  the  Ecerui^ene.  Hesideitpro- 
dui-ing  this  elTect  on  ihu  scale- mat Ler,  both  have  an  active  rolling 
effect  on  the  scale  already  formed,  the  kerosene  iu  this  case  being 
supL'rior  to  the  petroleum. 

Crude  oil  should  never  bo  nscd,  but  a  carefully  ro6ncd  oil,  which 
ha»  been  deprived  of  its  tar  or  wax.  should  be  sel^cieil  for  this  pur- 

Sose,  as  thi^iie  rauxo  the  formation  of  a  tuii^li,  im[iervions  scalr  pro- 
active of  bagged  aheolB  and  collapsed  flues  IVtroleuni  or  ken)sene 
ehotild  be  fed  to  the  boiler  with  the  feed-water,  drop  by  drop,  through 
a  sight-fewi  ajiparaius  similar  to  those  nse<l  In  feml  oil  to  the  cylinders 
of  engineft.  lender  no  cunsideration  should  large  amounts  of  tlipse 
oils  bo  fed  to  a  boiler  at  one  time,  as  it  must  bo  rememberwl  that  the 
more  volatile  ]>ortion  of  the  petroleum  will  l>e  quickly  distilled  off  in 
the  iiot  boiler,  Iwiv-ng  the  least  efficient  porli<ia  behind,  while  tli^ 
more  volatile  kerosene  will  be  va{>orizod  Tory  quickly,  before  it  has 
lime  to  thoroughly  mix  with  the  water. 

Whore  hard  scale  has  fnrmml  in  a  boiler,  it  is  moet  effectually 
treated  by  giving  it  a  coat  of  petroleum  or  kerosene,  to  imrlially  dis- 
solve or  rot  it.  Tliis  may  be  applied  with  a  brush  or  squirted  on,  but 
an  easier  ntethod  of  appliciition  is  to  first  fill  the  boiler  with  wattT 
above  the  line  of  gtaile-ileposit  and  then  pour  tho  oil  on  the  surface  of 
this  water  and  let  the  water  grnd....lly  run  out  of  tiie  bottom  of  the 
boiler,  thus  leaving  the  oil  oehind  clinging  to  the  whole  interior 
eiirfftce.* 

*  Alt  affective  mrthod  of  oleanlnR'  a  biiiler  wlticU  has  bemine  benvlty  eotled 
witli  )i«n)  flkilplintfi  nf  lime  ne&le,  In  tu  pal  in  II  ft  Inri;*^  quftiitlty  orcmiMir  snAm, 
9»j  AO  11m.  for  a  Iftrge  boUer.  and  Niil  it  at  HtiiitiHplirr'pc  prpsHiirp,  tbe  ufmy-vftlve 
lipintr  np<>nfH).  fnr  Mevaral  lioum.  This  couvErU  tho  bant  m^le  iiiu>  a  siiftstib- 
Rtani!!!!  which  laftT  be  removwi  bv  a  scra^r.  fallowed  bj  tlioroagh  waahlag  with 
ooU  waior.— W.K. 
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Aa  slated  above,  kerosene  is  the  moat  effective  in  dcstrojiug  the 
tenacity  or  coherence  of  this  deposited  scule^  bin  this  ineitiod  of  using 
either  oil  is  not  witliout  attending  (lunger,  on  account  of  the  explu- 
siveni'iui  of  tlie  vupor  given  off  ;  mo  L'reat  care  must  be  taken  to  iiavi- 
nu  li^litti  in  the  vicinity  of  Lfie  hoiTor  under  such  treatment,  as  men 
have  heen  seriously  injureii  by  this  lai-k  of  [irudeucc. 

The  treatment  of  feed-warers  inside  of  the  boiler  haa  been  u  prac- 
ttco  of  many  years'  ulanding,  bnt  in  t)ie  light  of  recent  progress  is  not 
Lo  bo  comiiiendi'd.  A  boiler  certainly  LiUi>  all  that  it  can  reiuionabiy  be 
expected  to  do  wlien  it  lt>  geiu'ruting  steam  without  being  called  upon 
to  perform  the  functions  of  a  chcnncal  laboratory. 

The  external  method  of  tiejitiiig  feed-water,  chemicullT  or  me- 
clianically,  in  being  adopted  by  many  progressive  plaiiti:!  in  tfiis  oonn- 
try;  but  in  this,  Americans  are  far  behind  the  KngUsb,  French,  Ger- 
umns,  Itclgiatis.  and  Austriauti,  iu  nliose  couMtrics  liitt  external  treat- 
ment  has  been  largely  and  most  eucoeesfnjly  practised  for  many  years. 

There  art-,  of  course,  jilants  where  the  internal  treatment  of' feed- 
water  is  an  enforced  nci:eusity,  owing  to  snrronndtnj' conditions  or  lack 
of  funds  iiecessjiry  lo  install  apparntus  for  external  treatment,  but  as 
such  appanidiK  }ias  iiivariiiblv  proved  to  be  an  exeoll^nt  investment,  it 
8'uould  receive  careful  consiJeration  from  all  8l«an)-users. 

External  Corrosion  is  a  frwpicnt  cautfe  of  dangerous  weakening  of 
a  Ftoani-bniltT.  It  is  most  commonly  due  to  dampness,  and  is  there- 
fore more  liublo  to  take  place  when  a  boiler  is  out  of  scrricc  and  cold 
than  when  it  is  in  use  and  constantly  kept  hot.  The  most  active 
agent  of  eorrosiou  is  sulphurous  acid  gas,  produced  from  the  sulphur 
in  the  coal,  which  is  converted  into  sulphuric  acid  in  the  presence  of 
moisture  in  the  cold.  Mud-drnms  and  other  parts  of  a  boiler  which 
are  farthest  removed  from  the  tire,  and  on  which  there  is  apt  to  be 
an  accumulation  of  damp  soot  or  dirt,  are  e8j>ecial1y  subject  to 
extonial  corrosion.  Tlie  precautions  to  be  taken  to  prevent  this  kind 
of  corrosion  are  to  have  the  boiler  frequently  inspected  and  to  keep 
it  clean,  dry.  and  hot. 

The  Life  of  a  Steam-boiler. — What  is  known  as  the  "life"  of  a 
boiler  generally  depend-s  npun  the  amount  of  corrosion  to  which  it  ia 
subjected.  With  good  feed-water  which  will  neither  corrode  the 
metal  nor  cause  the  deposit  of  a  dangerous  scale,  ami  with  care  to 
keep  the  outside  surface  perfectly  dry,  a  life  of  forty  years  for  ft  boiler 
is  not  uncommon.  With  slow  corrosion  its  life  may  be  reduced  to- 
five  years  or  less,  with  the  additional  inconvenience  tlmt  the  pressure 
of  steam  which  may  be  safely  carried  is  continually  being  redtn-ed 
during  its  life. 

Besides  corrosion  other  causes  tending  to  shorten  the  life  of  a 
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boiler  are:  (1)  Tendency  to  accumulation  of  scale,  mod,  or  ^ease  on 
the  plates  over  or  near  to  the  (ire,  causing  "bagging"  of  plutcB, 
leakage  of  aeams,  and  sometimea  cxploiiians.  {i)  Overheating  of 
riveto*!  seams  where  they  overlap,  eepecially  when  they  are  covered 
with  scale.  (3)  Hidden  defects,  due  to  elrains  or  other  caueeti,  8uch 
as  those  di'ScriltEHl  below. 

Defects  DiKovered  by  Inspection. — The  Loeotnotive,  published  by 
the  Hurtforri  Stcum-boiler  Infipcctioii  and  Insurance  Co.,  iu  \\s  iBsue 
of  Febniary.  liJOO,  gives  the  following  statement  showing  the  number 
and  kind  of  defects  discovored  by  the  inspectors  of  that  company 
during  the  year  1890 : 

l>uriug  tho  year  1^99  onr  Inspectors  made  113,464  visits  of 
inspectiou,  examined  ■^•^l,7i»t;  boilers,  inspected  85,s04  Iwiilcrs  both 
intomally  and  exiernnlly,  Kubjwted  '.i,.'i71  tn  hydro-stjitic  presBuro.  and 
found  T79  unsafe  for  further  use.  The  whole  numVifr  uf  defects 
reported  wis  157,^^04,  of  whit-h  rJ,K()(t  were  oonsidere^l  dangerous. 
A  class ifieut ion  of  the  defects  is  given  twlow: 


BUMMAnT.  or  DEFKiCTS,    FOB  TITB  TBAIl    1889. 

NftliirQ  of  DvfwU.  Wluita  Nuimt^rr. : 

CaMMi  of  deposit  of  H(M)iin#ot 11,974 

Ciutm  nf  iDrniittatinn  ftrnl  seals , S9,0>i2 

CsMS  of  intftrniil  >;ror>Tiuf{ 1  ADS 

CwKS  of  iolernal  nirroNinu 6.4S9 

C^4«Bof  BXtortml  corrosioo 7.018 

Il«fertivi<  bmrfm  Aiiil   Maji 3.166 

Hritiii^  d«f<?clive 8,090 

KiiniM'-)-^  out  •>f  nliftpe 4.8S0 

FrBctiir^'l  plai«9 ...*.....  8,S32 

Btiriied  ))l«l'-ii S.361 

BHuwrwl  pliitea 1.952 

rivf>-cliv<'  rivetii M.HM 

DcfMlivw  lip«d9 1.168 

I<«iLkiu;<^  srouml  tubee. .. 81.^88 

Leftka^<>  At  flcami) •..>...,,.  4.7H3 

Wm^f-pniicfi  iVf^ctive rt.tysg 

BIow-ontH  d^ffCtive , siOA0 

('««f-H  of  lieficienry  of  wat«r 188 

Safety- v«| res  overloaded 872 

flatety-Talves  defective    1.0S8 

Pr«wore.(niiig«a  defective 4.947 

Boitem  without  preiware'frsages flOJ 

Coctaasilied  defecu 6.0OT 

ToUl 167.804 


12.800 


Explosions  Caused  by  Hidden  Defects.— Tt  is  tho  common  opinion 
that  explosions  are  due  to  carel(-s«rn>P8  of  handling  hv  the  firemen,  or 
to  negligence  of  inspectors  in  not  discovering  defecU.  but  occasionaUy 


330 


STBAMBOlLfCR  h'COAOMT. 


FlU.   lOS.— A  IllDDBS  CHAnc. 


Pio.  109.— SiwTios  or  Seam. 


an  explnfion  takeft  plucc  vhich  is  not  dao  to  either  of  these  caiisbs. 

On   February  '^7,  181>7,  a  djsastroiid  cxploaiou   tO(»k  place  at   the 

AniBlinet  Mills,  New  Ilpii- 

ford,    Mass.,  wrecking    a 

portion  of   the  mi]lB  and 

killing  and  injuring  m>v- 

ertd  persons.     The  boiler 

thut   exploded   waa    built 

in     IH'M.       Examination 

showed     that    the    break 

W)is  Hlino)«t  idcnticul  with 

that  of   the  expk«ion  of 

a   tx>ikT   at   the    Lnngley 

button,-,  Fall  River.  Mh«»..  in  June.  1895,  which  boiler  was  made  br 

the  sttuic  btiilders  thut  made  the  Iwiler  in  NfW  Hedfnrd.     The  iKiiler 

jHtrtcd  in  u  horizontal  Bcani  of  the  niiddlf  i^lii'et,  uliMe  to  the  riret- 

holes,  and  undt^r  the  lap.  and  the  fault  wjw  owing  to  a  crack  in  the 

pUti'B   under   the  outer  edge  nf  the   rivet-heads,  as   shown    in   the 

arcompanying  nuts,  Figs.  108  aud  lOD.     77/tf  Locomotive  Hjieaking  of 

tliifl  eli»sd  uf  fractures  uays: 

Meet  nf  the  fraetnree  of  the  plate  arc  midfmbtcdly  due  to  the 
lH>nding  of  the  plates  in  the  rolls.  From  30  to  40  per  cent  of  the 
tici-tionul  area  of  the  [ilate  is  removed  along  the  line  of  the  joint  hv 
puuching  or  dritling  the  rivet-holcfi:  and  when  the  part  tlwl  is  thus 
weakened  is  pawing  through  the  rolls,  the  curvature  of  the  plalra  at 
this  point  18  (*t*ni»ililj  increawMl.  When  the  plates  thuH  affected  aro 
brought  into  jMwitlon  f<)r  riveting  ihcy  will  not  lie  cloaely.  but  Iwvo 
to  he  knocked  tr)gethcr  witli  a  sledge,  or  forrwl  together  hvdro- 
statically,  W'fore  the  rivets  cjin  be  driven.  Thiw  means  that  there  irt 
a  severe  hwid  strain  left  In  the  jilales,  the  effects  of  which  are  likely 
to  Income  visible  at  hoiuc  liuie  in  the  Hiibsi'(|neiit  hlstori*  nf  rho 
boiler.  When  the  joint  has  In-cn  riveted  up.  the  parts  of  the  plate 
that  lie  under  the  heads  of  the  rivets  are  held  togetlier  so  firmly  that 
^m  the  yielding  uetiou  that  occurs  in  every  boiler.  a«  the  pres^im*  and 

^^B  temperature  vary,  will  not  be  felt  at  thig  point,  but  will  Ik>  tninsferred 
^^H  to  a  Hue  lying  at,  or  just  beyond,  the  edge  of  the  rivet-heads.  In 
^^1  the  course  of  time  thest*  slight  changes  of  form,  when  combineil  with 
^^1  the  strcKs  already  existing  along  thJA  lino  from  the  i-autw  ju«t 
^^P  depcriboil,  are  likely  to  ilevelop  u  crack  starting  from  the  imiido 
W  surface   of   the   outer   plat*,  at   a   place  completely    hidden    from 

I  view,  and    extending   insidiouslv   outward,  until   the   Una!  rupturu 

I  of  the  plate  ia  aocomplishod,  and  the  boiler  gives  way  in  a  violent 

^^-         exploHion. 
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Here  is  the  record  of  an  explosion  duo  to  a  cause  that  had  been 
concealod  for  seveu  years,  und  which  cause  wan  so  bidden  that  it  couhl 
not  he  found  by  either  L'xteriiul  or  iiitLTiml  iiinpet'liou. 

It  may  be  said  that  this  accident  and  that  at  the  Langley  mill,  iu 
1895,  would  not  have  hupjieiie<l  if  the  boilers  hivl  been  properly  niatlo, 

and  if  the  rivct&l  joint  had  been  of  the 
form  shown  iu  Fig.  IIU;  but  it  must  be 
remembered  that   the   hurizontiil  tubular 
Fib.  110.— Bctt  and  Strap  boiler  is  favored  chiefly  on  account  of  its 
'''^'  low  first  cost,  and  low  cost  is  generally  not 

oompatibic  with  the  highest  ojceellcnce  uf  material  und  workmaufihip. 
If  a  cheap  form  of  boiler  is  selected  and  the  contract  given  to  the 
lowettt  biddt-r,  it  is  ou]y  to  he  expected  that  cheap  material,  cheap 
workmandbij),  and  unskilled  desigiierB  are  likely  tu  be  employed  iu  its 
construction. 

The  water-  and  Bteam-dnim  of  a  water-tube  boiler  being  much 
smaller  tliau  the  shell  of  a  lire-tube  boiler,  and  eoittinga  much  smaller 
percentHge  itf  it«  total  cost.,  there  is  not  the  siime  temptation  to  nmko 
the  drum  cheap  that  there  is  with  the  shell  boiler. 


Object  of  an  EvaporatiOD  Test. — The  principal  object  of  an 
oTaporatioQ  test  of  a  steam-boiler  ie  to  lind  out  how  many  ponnds  of 
water  it  evaporates  under  a  certain  uet  of  cunditious  iu  a  given  time^ 
and  how  many  jwunds  of  coal  are  required  to  efTfCt  this  eva])oration. 
The  test  may  be  miuie  for  one  or  more  of  several  purposes,  viz: 

1.  To  determine  whether  or  not  the  stipulations  of  a  contract  be- 
tween the  aeller  and  the  buyer  of  a  Imiler  (or  of  an  appendage  to  the 
boiler,  anch  aa  a  furnace)  have  been  performwi. 

2.  To  determine  the  relative  economy  of  ditTerent  kinds  of  fueU 
of  different  kinrls  of  furnace,  or  of  different  methods  of  driving. 

3.  To  determine  whether  or  not  the  boilers,  asorditiarily  run  under 
the  everv-day  conditions  of  the  plant,  are  operated  as  economically  as 
they  should  be. 

4.  To  determine,  in  case  the  boilera  either  fail  to  furnish  easily 
the  quantity  of  steam  desired,  or  else  funiish  it  at  what  is  supposed  to 
be  an  eieossive  cost  for  fuel,  whether  any  additional  boilera  are  needed 
or  whether  some  change  in  the  condilious  of  ruuning  is  a  sufficient 
remedy  for  the  difficulty. 

For  the  first  of  the  above-named  pur{>oaeH,  it  is  neeessarv  that  the 
tost  should  be  made  with  every  precaution  to  insure  accuracy,  sucli  ns 
those  described  in  the  Code  of  the  Committoc  of  the  American  Societr 
of  Mechanical  Kugincera.  which  is  given  Iwlow.  Kxperts  in  boiler- 
teating  should  be  employed,  and  ilio  water  fetl  to  the  boiler  should  be 
weighed,  or  measured  in  calibrated  tanks,  and  not  by  a  waler-meter, 
which  i:i  apt  not  only  to  have  an  error  at  \U  avei'uge  rate  of  running, 
but  also  an  error  which  varies  with  every  change  in  the  rate.  For  the 
other  three  purposes,  however,  water-Tiieters.  if  calibrated  before  and 
after  the  test  by  means  of  running  water  through  them,  at  the  averago 
rate  and  pressnre  used  in  the  test^  into  a  tank  set  on  a  platform  scale^ 
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iciouiiy  accun 
lUlimetit  sbuuld  be  cupable  of  making  the  test. 

lu  large  plants,  iu  which  the  yearly  cost  of  coal  amoimU  to  some 
thousands  of  dollars,  there  are  apt  to  be  wa&tefa  of  fael,  amotiDtlug  to 
.18  much  as  10  or  20  per  cont  of  the  total  consumptiou,  which  are 
UDSUdpect«d  nutil  thoy  are  discovered  by  a  Beries  of  te»ia.  When 
HeTeral  Ijoilers  discharge  their  gaaea  iuto  the  same  Hue  leading  to  tbe 
chimney,  utilesa  the  draft  conditions  at  each  boiler  are  carefully  equal- 
ized, one  or  more  of  the  boilers  is  likely  to  be  running  under  unfavor- 
able draft  conditions.  If  the  boilers  are  of  different  types  or  different 
proportions  cif  grate  and  heating  siirfuce,  the  draft  and  the  mi-thod  of 
firing  which  are  best  for  one  boiler  may  not  be  best  for  another.  For 
these  reasons  it  is  important  in  designing  and  construciiug  a  large 
boiler  plant  to  arrange  the  feed-pipes  so  that  a  meter  may  at  any  time 
be  placed  in  the  feed-pipe  of  any  one  of  the  hoilerH,  in  order  that  a  test 
of  24  hours,  ur  a  week,  If  desired,  may  eusily  be  made,  it  is  an  easy 
matter  to  weigh  all  the  coal  used  by  the  boiler  during  the  test,  and  to 
keep  hourly  records  of  the  coal-  and  watcr-coDSumption,  the  steam 
pressure,  and  the  temperatures  uf  tlie  feod-wuter  and  the  wantu  gases. 

l^sides  the  tests  of  each  boiler  in  a  plant,  which  ought  to  be  made 
occasionally,  say  every  two  or  three  years,  a  continuous  recwnl  of  the 
performance  of  the  plant  may  bo  made  by  having  a  large  meter  in  the 
main  feed-line,  noting  the  wn  tor-con  sumption  daily.weekly,  or  monthly, 
and  comparing  it  with  the  monthly  coal  bills.  In  electric  liglit  and 
power  stations  the  l>oiler- record  should  be  compared  with  the  record  of 
the  electric  current  given  by  the  volt  and  ampere  meters. 

For  all  important  tosts,  where  the  greatest  accuracy  is  essential,  the 
provisions  of  the  Codej  which  is  given  below,  should  bo  followed. 

Bulks  fob  Condi-ctiho  Boiler  Trials.     Codb  op  1899.* 

I.  Deiermine  at  (he  ouixet  the  specific  object  of  the  proposed  trial, 
whether  it  be  to  ascertain  the  capacity  of  the  boiler,  '\t&  efficiency  as  a 
Btearo-gcnorator.  iU  cHiciency  and  its  defects  under  usual  working 
conditions,  the  economy  of  sumo  particular  kind  of  fuel,  or  tlie  effect 
of  changes  of  design.  j>roportion,  or  operation;  and  prepare  for  the 
trial  accordingly. 

II.  Examine  the  boiler,  both  outside  and  inside;  ascertain  the 
dimeOBiona  of  grates,  beating  surfaces,  and  all  important  parte;  and 

•Prom  tlie  repnrl  of  tbe  caiiitnitlee  of  tlie  Am.  Soc.  M.  E.  oa  tbe  revUIoD  nf 
the  Soclet;  God«  of  18B5,  nlftUvs  to  a  at&ndord  method  of  ooDdacllog  slvrnm- 
botler  trials. 


make  &  full  ri^cord,  describiug  the  same,  aod  illustrating  special  feft- 
tures  by  skctcht'S.  The  urou  of  iicutin;,'  gurfact'  is  to  be  coii)piut»d 
from  the  tttirfuceit  of  fihells,  tul)es,  furuaces,  uud  f^rti-boxes  in  contact 
witli  the  fire  or  boL  gu8t>8.  Thf  oittditle  tliuiiitter  of  M-ul6r-tulH!8  and 
the  inside  diauieLcr  uf  tire-tubes  are  to  be  used  in  the  computation. 
All  surfacea  below  tho  moati  waifi-l'-vul  which  bavo  waitr  ou  one  side 
and  products  of  combustion  ou  the  Ovbcr  arc  to  be  coufiidured  as  water- 
liL-utiiiE  surface,  and  all  sni-faces  above  the  mean  water-leTc!  which 
bav(>  stoam  on  one  side  and  jiroduct-s  of  combustion  on  tbc  other  are  to 
bo  considered  as  superheatiiif,'  surface. 

III.  Xotice  the  general  condition  of  the  boiler  and  its  equipment, 
and  record  such  facts  in  relation  thereto  as  bear  upon  the  objecis  in 
view. 

If  the  object  of  the  trial  is  to  ascertain  the  maximum  economy  or 
capacity  of  the  boiler  a^  a  stt'am-generator,  the  boiler  and  all  its  up- 
purterancea  should  be  jmt  in  lirst-clBsa  condition.  Clean  the  Ideating 
surface  inside  and  out^ii^o.  remoTe  clinkers  from  the  gratoB  and  from 
the  sides  of  the  furuace.  Iteinove  all  dust,  soot,  and  ashes  from  the 
chambers^  amoke-connecttons.  and  flues,  riose  air-leaks  in  the  ma- 
sonry and  ]>oorly  fitted  clcHning-dooi'S.  See  that  the  iliiniper  will 
open  wide  and  clot>o  tight.  Test  for  air-leaks  by  tiring  a  few  fihovala 
of  smoky  fuel  and  immcdialcly  closing  the  damper,  observing  the 
escape  of  smoke  through  the  crevices,  or  by  paasing  tlie  flame  of  a 
candle  ovnr  cracks  in  the  brickwork. 

IV.  Dthrmine  the  vknracter  of  ihe  coal  to  be  used.  For  testg  of 
the  cfliciency  or  caiNicity  uf  the  boiler  for  comparison  with  other 
boilei's  tlie  coal  should,  if  jiossiblt!.  be  of  some  kind  which  is  commer- 
cially rcijarded  aa  a  standard .  For  New  Eu^luiul  and  that  portion  of 
the  rnuntry  east  of  the  Allegheny  Mountaius,  good  anthracite  egg 
co.il,  I'ontaiuing  not  over  l<^  per  cent  of  ash,  and  Rcmi-bituminous 
Clearlk'ld  (Pa.).  Cumberland  (Md.),  and  rocahonlas  (Va.)  coals  are 
thus  reganle'l.  West  of  ihe  Allegheny  Mountains,  Pocflhontas  (Va.) 
and  Xew  Kiver  (W.  Va.)  scnii-bitnminous,  and  Youghiogheny  or 
Pittsburg  bituminous  couls  are  recognized  as  Btuudards.*  There  ia 
no  s(K;cittl  grade  of  coal  mineil  in  the  Western  States  which  is  widely 
recognized  as  of  snperior  fjuality  or  considereil  as  a  stimdard  roal  for 
boiler  testing.  Big  Mudily  lump,  an  Illinois  coal  mined  in  Jackson 
County.  111.,  is  suggested  as  being  of  sutlioiently  high  grade  to  answer 
these  reqniromenbi  in  dialricta  where  it  is  more  conveniently  obtain- 
able than  the  other  coals  mentioned  above. 

For  tests  made  to  del«rmine  the  iK*rformnnce  of  a  boiler  with  a 
particular  kind  of  coal,  such  as  may  be  specified  in  a  contract  for  the 
sale  of  a  boiler,  the  coal  used  should  not  be  higher  in  ash  and  in  moist- 
ure than  that  specified,  since  increase  in  ash  and  moisture  above  a 


*  These  coals  are  nelwled  becaiiM  thoy  rtp  ithoiit  tho  nnl^  cntin  wlilcli  pnssras 
tlic  ^'satrntiali  nf  excellence  of  quslltr,  fttlApubilily  to  various  kloda  of  fumaeea, 
entm,  boilers,  and  metbods  of  firing,  and  wide  distribulioo  and  g«lietal  aooesaU 
bUity  ia  tbe  marketa. 
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stated  amonnt  is  apt  to  canae  a  ^ling  ofT  of  both  capacity  and  econ- 
omy iu  greater  proportion  than  tlie  proportion  of  such  incroase. 

V.  E.*ltiblitik  the  vf)rrectnfi<H  of  mi  apparattis  used  in  tlie  test  for 
weighing  anil  meuauriiig.     Those  are: 

1.  Scales  Tor  weighing  coal,  ushe^,  and  wuter. 

2.  Tanks,  or  wiiter-nietera  (or  measuring  water.  Water-meters, 
us  a  rule,  should  only  ^^  "sei-l  as  a  check  on  other  measurements. 
For  accurate  work,  the  water  shoidd  be  weighed  or  measured  in  a 
tank. 

3.  Therm omc tors  and  pyrometers  for  taking  temperattires  of  air, 
steutn,  fced-wator,  waste  gases,  etc. 

4.  Pressure- gauges,  dnifi-gauges.  etc. 

The  kinii  and  location  of  tlie  varions  pieces  of  testing  apparatus 
must  bo  loft  to  the  ju<)gnient  of  tho  person  conducting  the  test, 
aUiiys  keeping  iu  mind  the  main  ohjrct.  i.p.,  to  obtain  author  tic  data. 

VI.  See  that  the  boikr  in  thoroughly  heated  btifore  the  trial  to  its 
usual  working  temperature.  If  tlie  boiler  is  naw  and  of  u  form  pro- 
riiletl  with  a  brtck  setting,  it  should  be  in  regular  use  at  lea^l  a  wi^k 
before  the  trial,  so  us  to  dry  and  heat  the  walls.  If  it  lias  been  laid 
off  :inil  become  cold,  it  should  be  worked  before  the  trial  miiil  the 
walls  arc  well  lieatod. 

VII.  'Jlic  boiler  and  connections  should  be  proved  to  be  free  from 
leaks  before  beginning  a  lest,  and  all  water-connections,  including 
blow  and  fxtra  feed-pipes,  should  be*  diseouuecled,  stopped  witli  blank 
flanges,  or  blud  through  fli)eeial  openitigs  beyond  the  Tulves.  exwpt 
the  particular  pipe  through  which  water  is  to  be  fed  to  the  boiler 
during  the  trial.  During  tho  test  tho  blow-ofT  and  fecd-pii>es  should 
renuiin  exposed  to  view. 

If  an  injector  Ja  used,  it  should  recelTe  steam  directly  through  a 
felti'il  ])ipe  from  the  boiler  being  tested.* 

If  the  water  is  metered  after  it  passes  the  injector,  its  temperature 
should  ho  tJiken  at  the  jioint  wtiere  it  leaves  the  injector.  If  the 
qnantiiy  is  determined  before  It  g(»e8  to  the  injector  tho  temperature 
shoulil  be  determined  on  thi>  euction  side  of  the  injector,  and  if  no 
change  of  temperature  Ofnrurs  other  than  that  due  to  the  injector,  the 
temperature  Lhua  deterniinetl  is  properly  that  of  the  feed-water. 
When  the  teiuiH^mture  changes  between  the  injector  and  the  boiler,  as 
by  the  use  of  a  heater  or  by  riulialion,  the  temperature  at  wblcli  the 
wiiter  enters  und  leaves  the  injector  and  that  at  wiiich  it  enters  the 
boiler  should  all  he  taken.  In  that  caiic  tlic  weight  to  be  used  is  that 
of  the  water  leaving  the  injector,  computed  from  the  hout-unita  if  not 

*  Id  Tt^ing  K  liotltT  uii(lvrg«iii|c  teat  wltb  an  ioj«etor  tskbfr  8t««ui  from  an- 
Dtbvr  boll«r,  or  from  tb«  main  fli««m-pip«  from  »«v«rAl  boUors,  tbo  AvaporaUve  re- 
«ull»  may  l>o  Ull^ifit^d  by  n  diffi-rcnce  in  the  qaaUty  of  tbt>  nteam  From  nucb  source 
(U)iii{iarMl  witb  that  Mii|i)>littil  hy  ib«  bntlpr  living  U'sUmI,  and  in  vntoB  raotiH  the 
coDDt-clioD  to  tbeiDJecMr  uiay  act  uadripfor  ibnoudn  Me*m-pipt>.  If  it  is  known 
tbai  ih«  Hteam  from  1b»  main  pipe  ia  of  ibe  same  premure  am)  quality  n.'^  tliat 
fiimiKlj»d  by  tbe  bailer  DDdergotag'  the  teat,  the  steam  may  be  ta.kea  from  saeb 
main  pipe. 
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directly  moaatircd,  and  the  t«mperattire  that  of  the  vater  entering  the 
boiler. 

Let  «•  =  woig'ht  of  water  onteriiijf  the  hijoctor. 
X  =      "       "  Bteam       *'  "         *' 

A,  =  heat-uuits  jwr  pound  of  water  entering  Injeotor. 

A,  =    "       "       ' steam 

\=    "       "       "        *•      "  water  leaving        •* 

Then,  w-^x  =  weight  of  water  loaTiug  injector. 

A. -A, 

A,  -  A, 

See  that  the  steam-main  is  bo  arranged  that  water  of  condensation 
cannot  run  back  into  the  boiler. 

VIII.  Duration  of  Te«i, — For  teata  made  to  Jiecertain  eit)ier  the 
maxiniiim  economy  or  the  maximum  caiMuiity  of  a  boiler,  irrespective 
of  the  particular  chias  of  service  for  whicb  it  is  regailarly  used,  the 
dnmtion  should  be  at  least  10  liour»  of  continiioud  running.  If  the 
rate  of  LombuHtioii  exceeds  25  pounds  of  coal  per  square  foot  of  grate- 
surface  per  liour,  it  may  be  slop})ud  when  u  total  of  350  pounds  of  coal 
has  bL-eii  burned  jwr  square  foot  of  grate. 

In  cases  where  the  aervice  requires  coutinuouR  running  for  the 
wliole  24  hours  of  the  day,  with  shifts  of  tiremcu  a  number  of  times 
during  that  ]teriod,  it  i»  well  to  coutiuue  the  test  for  at  least  'ZA 
hours. 

When  it  is  desired,  to  ascertain  the  performance  under  the  working 
conditions  of  practical  ruuniug,  whether  the  boiler  be  regularly  in  use 
24  hours  a  day  or  only  a  cortiiiu  uuin)>er  of  iiours  out  of  each  24,  the 
fires  being  banked  the  balance  of  the  time,  the  duration  should  not  bs 
less  than  *^4  hours. 

IX.  Starting  and  Stopping  n  Test. — The  conditions  of  the  boiler 
and  furnace  in  all  re<ppect«  should  be.  a«  nearly  att  poBsible,  the  same 
at  the' end  as  at  the  Ix'ginning  of  a  test.  The  steiim-preBsure  should 
be  the  Rome;  the  water-level  the  same;  the  fire  niKin  the  grates  shonld 
be  the  same  in  quantity  and  conditimi;  uuil  the  walls,  flues,  etc., 
should  be  of  the  same  temperature.  Two  methods  of  obtaining  the 
desired  e<]ua]jly  of  conditions  of  the  fire  may  be  used,  viz.:  those 
which  were  called  in  the  Code  of  188.'>  "the  standard  metho<l  "  and 
'*  the  alternate  method,"  the  latter  being  employed  where  it  is  incon- 
venient to  make  use  of  the  standard  method.* 

X.  4<tan<iard  Mefhud  of  Starting  and  Stopjdng  a  Test. — Steam 
being  raised  to  the  working  pressure,  remove  rapidly  all  the  fire  from 
the  grate,  close  the  dani]>er,  clean  the  ash-pit,  and  as  quickly  as  pos- 
sible start  a  new  Are  will)  wciglied  wood  and  coat,  noting  the  time  aud 

*Tli<>  cmnmillMi  conr.litci^ji  lliAt  it  U  Iw^tlo  retain  thr<  •i«nif;n4lions"filBnduHl  " 
and  "  aUvmate,"  since  lliev  biive  becoiuo  wid*-!^  known  uid  eBtablisbed  io  tli* 
mliiiU  of  em^inecrn  and  in  tlii-*  reprints  i»f  tliA  Cod«  o(  1865.  •  Many  nnglnoon  pr»- 
fer  tb«  "alternate"  to  the  "  i^tnitclArd"  meihoil  on  accnnnl  of  its  twloj^  loes  Uabitt 
to  error  doe  to  cooling  of  tbe  boiler  at  the  beginning  and  end  of  a  test. 
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the  water-levet  *  while  the  water  is  in  a  quiescent  state,  jnst  before 
ligtiting  the  fire. 

At  the  end  of  the  test  remove  the  whole  fire,  which  has  been  burned 
low.  clean  the  grates  and  ash>pit,  note  the  wntcr-leTcl  when  the 
water  is  in  a  quieseent  st^itc,  inni  record  the  time  of  hauling  the  lire. 
The  water-level  shoiild  be  iis  nearly  as  possible  the  same  as  at  the  begin- 
ning of  the  test.  If  it  is  not  the  same,  a  curreclion  shonld  be  made 
hy  eompntatiori,  and  not  by  operating  the  jiump  after  the  test  ia  coni- 
pletei'l. 

XI.  AUertin/e  Afethod  of  Staritttff  and  Slopping  a  Text. — The  boiler 
being  thoroughW  hwiteLl  by  a  preliminary  run,  the  fires  are  1o  be 
burned  low  and  well  ckaiied.  Note  the  amount  of  roiil  loft  on  the 
grate  Ba  nearly  us  it  can  be  cstiinattxl;  note  the  prestttiro  of  steam  htiiI 
the  water-level.  Note  the  time,  and  record  it  aa  the  starting  time. 
Fresh  coal  which  has  biH»u  weighe<1  should  now  Ih'  fired.  The  ash-pits 
should  be  thoroughly  cleanal  ut  once  after  starting.  Before  the  end 
of  the  test  the  fires  tthonld  be  bnrned  low,  just  as  befori:  tht:  start,  and 
the  fires  clcantHl  iu  snc)i  a  manner  as  to  leave  a  bed  of  coal  on  the 
trrates  of  the  same  depth,  and  iu  the  same  condition,  as  at  the  start. 
When  this  stage  is  reached,  note  the  time  and  record  it  as  ibe  8loj»ping 
time.  The  water-level  and  steam-pressure*  should  preTJously  U- 
brought  as  nearly  as  possible  to  the  same  point  as  at  the  start.  If  the 
water-level  is  not  the  same  as  at  the  start,  a  rorrcction  should  be  made 
by  computation,  and  not  by  operating  the  ptimp  after  the  test  Is  com- 
pleted. 

XII.  Unxfonnily  of  Conditions. — In  all  trials  made  to  aficertain 
maximum  economy  or  capacity,  the  renditions  should  be  maintained 
uniformly  constant.  Arrangements  sbonid  Ix'  maile  to  dispose-  of  the 
steam  so  that  the  rate  of  evaiHsration  may  be  Itept  the  same  from  be- 
ginning  to  end.  This  may  be  accomplislied  in  a  single  boiler  by  carry- 
ing the  steam  through  a  wast«  steam-pipe,  tlie  discharge  from  which 
can  be  regulated  as  desired.  In  a  battory  of  boilers,  in  which  only 
one  is  tested,  the  draft  may  be  regulated  on  the  remaining  boilers, 
leaving  the  tei^t-boiler  to  work  under  a  constant  rate  of  production. 

Uniformity  of  nonditions  should  prevail  as  to  the  pressure  of  steam, 
the  height  of  water,  the  rate  of  evaporation,  the  tliicknetw  of  fire,  the 
times  of  firing,  and  quantity  of  coal  firad  at  one  time,  and  as  to  the 
intervals  bt-tweeu  the  time*;  of  cleaning  the  fires. 

The  method  of  firing  to  l>e  carried  on  in  such  tests  should  be  dir- 
tated  by  the  expert  or  person  in  responsible  charge  of  the  test,  and 
the  metbod  adopted  should  be  adhered  to  by  the  fireman  throughout 
the  test. 

XIII.  Kfepiiiff  the  Keeordt. — Take  note  of  every  event  connecteil 
with  the  prngress  of  the  trial,  however  unimportaut  it  may  appear. 

**ni«  nnf^'fjlasa  should  tint  bv  Monrn  nut  within  on  linur  l)vrur«  Ibc  walrr- 
IdtvI  Id  tik«n  Rt  tb«  befrinnlnfc  and  md  of  m  Kwl.  otherwliiw  an  errvr  in  the  reading; 
of  tbe  water-lfivf]  mhj  Ini  CKiifiml  hr  *  uliROKt*  la  lUf  rMtiiwmlcirv  ami  density  ki 
th«  water  la  tbe  pipe  leading  from  the  Iwttutn  of  llw  glass  loto  tbe  boiler. 
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llooortl  the  time  of  every  occurrence  and  the  time  of  taking  every 
weight  and  every  ohsorvaiinn. 

The  coal  i'lioiild  bewci^^heil  and  delirercd  to  tlie  dremau  in  equal  pro* 
jiorlions,  eoeJi  Buttieietit  for  not  mora  tluin  one  hour's  rnn,  and  u  frcsL 
portion  should  not  bo  (ielivorod  until  the  previous  one  has  all  be«u 
fired.  The  time  required  to  consume  each  (wrtion  should  be  noted^  the 
time  beinf^roenrdcJ  ai.  the  instuut  of  firing  tlte  last  of  each  portion.  It  is 
desirable  that  nt  tho  siinie  time  tite  arnntint  of  water  fed  into  the  boiler 
ahoiilii  lie  act;urnteiy  noted  and  reconled.  including  the  heiglit  of  Uie 
water  in  tlie  boiler,  »ud  tlie  averiL;^o  prt^(U!urti  of  sLeuni  and  leni{H>rature 
of  feed-wjLter  during  the  time.  Uy  thus  recording  the  iiniouut  of  wuter 
pvii|Miiut(Hi  by  8U(!ce8siv[!  porliotis  of  coal,  tlie  test  nuiy  be  divided  into 
seveml  pcriuds  if  desired,  uud  the  degree  of  uuifonnily  of  combustion, 
evu(>oralion,  and  ecouonay  wialyzed  for  each  pertoil.  In  midition  to 
these  records  of  the  eoul  and  tlie  fecd-wiitcr.  half  liourly  Dbsorvalioua 
should  be  made  of  the  lempemturo  of  tho  fecd-tvater,  of  the  flae-gusi«, 
of  tho  oxterual  air  in  the  boiler-room,  of  the  teniperaturo  of  the  fur- 
nace wheu  a  furuucc  pyrometer  iti  used,  also  of  the  pressure  of  steam, 
and  of  tho  readings  of  the  instrunieut*  for  determirnng  the  moisture  iu, 
steam.  A  log  should  be  kept  on  jirnpi'rly  prepared  blanks  containing 
cohinms  for  record  of  the  vurioiis  obserrationK. 

When  the  ''siandartl  nietliod  "  of  starting  and  stopping  the  test 
is  U8eil>  the  hourly  nito  of  c-(imhu8tiou  and  of  evaporation  and  the 
horse-power  should  be  compulo<]  from  tiie  records  tjikon  during  the 
time  when  tlie  fires  are  in  active  condition.  This  time  is  somewhat 
less  thtin  the  nntual  time  wliieh  elapses  between  the  beginning  und  end 
of  the  run.  The  loss  of  lime  due  to  kindling  the  fire  iit  the  beginning 
and  burning  it  out  jtt  the  end  niakcs  this  course  neces^iai^. 

WW  Quf/lifif  of  Sffftm. — The  j^ercent^e  of  nioishin-in  thestejun 
Bhouid  be  (Teternuno*!  by  the  use  of  either  a  throttling  or  a  wpiiraiing 
ati'iiu)  calorimeter.  The  sani]>Iing  tiozzle  should  be  placed  in  the  ver- 
tical sleam-pipe  rising  from  the  Imiler.  It  ahnuM  be  made  of  ^'incb 
pipe,  and  should  uxt<*ud  across  the  diameter  of  the  eteiini-pipe  to  willi- 
111  Imlf  nil  Lueh  of  the  opposite  side,  being  closed  at  the  end  uud  |K!r- 
foriited  with  not  lesis  than  twenty  j-inch  boles  equally  distributed  along 
and  aroimd  ita  cylindrical  surface,  but  none  uf  these  holes  should  \m 
nearer  than  ^  itich  to  the  inner  side  of  the  steam -pipe.  The  coloriitieter 
and  the  pipe  lw«iing  to  it  should  be  well  covered  with  felting.  When- 
ever ttio  indicatiotH  of  the  throttling  or  separating  ciilorimcter  show 
that  tlio  percoiitAge  of  moistnre  is  irregular,  or  occasionally  in  oxeoM 
of  :i  per  cent,  the  insults  should  he  cliooked  by  a  steam -sopamtor 
placeil  in  tho  steam-pijie  as  close  to  thfl  boiler  as  convenient,  with  ft 
culurimeter  in  the  steam-pipe  jnst  beyond  tho  outlet  from  the  wpar- 
iitor.  The  drip  from  the  separator  should  l>e  caught  and  weighoil,  and 
the  percentage  of  moisture  computed  therefrom  uihled  to  that  sliown 
hy  tiio  calorimeter. 

Superhenting  should  be  determinPil  by  means  nf  a  thermometer 
placed  in  a  uiercurj'Well  inserted  in  tho  steam-jiipe.     The  degree  of 
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snperheatiiig  should  bo  taken  as  the  difference  between  the  reading  of 
the  thtTinometcr  for  superheated  steam  and  the  rrmlingB  of  the  «ame 
themitiniptpr  for  satiimted  steam  at  the  same  presKure  as  deteitiiined 
by  a  specitti  experiment,  and  not  by  refei'enco  to  stcam-tublee. 

For  calcuhiiions  relating  to  quality  of  steam  and  corroctious  for 
quality  of  steam,  see  Appendici's  XV'III.  and  XIX. 

XV.  Sampling  the  i'oalnnd  Detenniniiiff  its  Sioixture. — Ab  each 
barron'-load  or  frtwh  jiorlion  of  coal  is  taken  from  the  coal-pile,  a  rep- 
reaent;itive  ahoveUiil  i^  »elet-tud  from  it  and  plai'ed  in  a  barrel  or  Itox 
ill  a  rool  place  and  kept  until  the  <:nd  uf  tbi-  trial.  The  sjiuiples  are 
tbijn  niixL'd  and  broken  iuto  pit'ci-ri  not  exoevdin^  one  inch  in  diame- 
ter, and  reduced  by  the  process  of  ivpcated  'iuurtui-iii;f  and  cruBhing 
until  a  final  sample  ^relgliin;;;  about  live  pounds  is  obtained,  and  the 
size  of  the  Iarfj;ur  pieces  are  such  that  they  will  pa6s  ihrou^di  a  tiieve 
with  ^-ineh  meslies.  From  thio  aauiplc  two  oue-([Uart,  air-li{i^ht  glaps 
proservjng-jara,  or  other  uir-tigbt  rensela  which  will  prevent  the  escajjo 
of  moisture  from  the  sample,  are  to  be  promptly  tilled,  ami  these  sum- 
pies  are  to  be  kept  for  suWquent  delerniinaiions  of  moisture  and  of 
iii'rtting  value  and  for  chemical  aniilysc!*.  During  iho  proce^^s  of 
fpiarteriitg,  when  the  sj»inple  Inis  been  reduced  to  about  100  [wunds,  a 
rriuirter  to  a  half  of  it  may  Iw  taken  for  an  approximate  determination 
of  uioittLurc!.  Thifi  may  be  made  by  placing  it  in  a  Hlitdlow  iron  pan,  not 
over  three  inches  deep,  carefully  weighing  it,  and  setting  the  ]uin  ill 
the  hotlent  place  that  can  be  fouiul  on  the  brickwork  of  the  boiler  set- 
ting or  flues,  keeping  it  there  for  at  Ie:tst  12  hours,  and  then  weighing 
it.  The  determination  of  moistnre  thus  made  is  l>olicvo<l  to  be  up- 
jiroxinuiti^r  iU'cumte  for  anihrai-ite  and  semi-bituminone  coals,  and 
also  for  Pittsburg  or  Yonghiogheny  coal;  but  it  cannot  be  relied 
u|Mm  for  coals  mined  west  of  Pittsburg,  or  for  other  coals  containjiijj 
inherent  muiitlurt'.  For  these  latter  coal.'*  it  is  iiii{K>rtaut  t.hat  a  more 
HiTcurute  mcthoc]  Im>  iidoptBil.  The  method  nscommended  hy  the 
roniiiiiltcu  fur  all  accurate  tcstSt  whatever  the  character  of  the  coal,  is 
Uesii^rilied  as  follows: 

Take  ouo  of  the  Eutuplea  contained  iu  the  glass  jars,  and  Bnbject  it 
to  a  thorough  air-drylug.  by  sjireadiiig  it  In  a  thin  layer  and  ex|>osing 
it  for  Miveral  hours  to  the  atmosphere  of  a  wiirui  room,  weighing  it 
before  and  after,  tbcrebv  detcrmihiug  the  tpiantiiy  of  surface  moisture 
it  c:)iilains.  Then  cruali  the  whole  of  it  by  running  it  through  au  or- 
dinary colTeo-miU  adjusted  so  ivs  to  produce  somewhat  eoarfe  grains 
(less  than  y,t-ineh),  thoroughly  mix  the  crusheil  sample,  select  from  it 
a  jiortiou  of  from  10  to  50  crams,  weigh  it  in  a  balance  which  hjH 
maily  show  a  Tariation  as  small  as  I  part  in  IOlH>,  and  dry  iu  an  air 
or  sand  batli  at  a  temperature  ijetwei^ii  240  and  280  degrees  Fuhr.  for 
one  hour.  Weigh  it  and  record  the  loss,  then  heat  and  weigh  it 
again  repeattHlIy.  at  interrals  of  an  hour  or  less,  until  themJnJnHiru 
weight  has  been  reached  and  the  weight  begins  to  increase  by  oxida- 
tion of  a  portion  of  the  conl.  The  difference l>ctween  theoriginal  and 
the  minimum  wuiglii  is  taken  as  the  moisture  in  the  air-dried  coal. 


This  moisture  test  should  preferably  be  mode  on  duplieato  sampleSf 
and  the  results  should  agree  within  0.3  lo  0.4  of  one  per  cent,  the 
mean  of  the  two  deUTniinations  being  taken  as  the  correct  result. 
The  sum  of  the  percentage'  of  uioistui'e  thus  found  and  llie  percentage 
of  stirfuoe  moisture  previously  determined  is  the  lotul  moisture.  (Ap- 
pendix XL) 

XV'l.  Treaimeni  of  Ashes  and  Refuse. — The  ashes  and  refuse  are 
to  be  weighe<J  in  a  dr}*  st-ttle.  If  it  is  found  di'sirabio  to  show  the 
principal  characterieticB  of  tlie  a-sli,  a  sample  shuutd  be  subjected  to  a 
proximate  armlvsit*  and  the  actual  amount  of  incombustible  material 
dt'lfrinineil.  For  oliiborate  trials  a  complete  analysis  of  fche  ash  and 
refuse  (thould  lie  made. 

XVII.  CahrijicTests  and  Analysis  nf  Otal. — The  quality  of  the  fnel 
shouUi  be  dbt^rminwl  eillier  by  heat-Leat  or  by  analvsis,  or  by  both. 

Tliu  rationiU  method  of  determining  the  total  fieat  of  comhustioD 
U  to  burn  the  sample  of  coal  in  an  atmosphero  of  oxygen  gas,  the  cool 
to  bo  .sampled  as  directed  in  Article  XV.  of  tliis  code. 

The  clicmicnl  analysis  of  llie  coal  sliould  b«  made  only  by  an  ex- 
pert chemist.  'I'ho  total  heat  of  combutition  computed  from  the  results 
of  the  ultimate  analysis  may  be  obtained  by  the  use  of  Dulong*s 
furmuta   (with   constants   mocliticd   by  recent  determinations),  viz.: 

14.600C  +  63,OOo(n  -^]  -+-  4000S,  in  which  0.  H,  0,  and  8  refer 

to  the  proportions  of  carbon,  hydrogen,  oxygen,  and  aalphur  respec- 
tively, as  determined  by  the  ultimate  analysis.* 

It  is  detiirable  that  u  jiruximate  analysis  should  be  made,  thereby 
determining  the  relutiru  proportions  of  volatile  matter  and  fixed  car- 
bon. 'J'hc«c  proportions  furnish  an  indication  of  the  leading  charso- 
tcristics  of  the  fuel,  and  serve  to  fix  the  class  to  which  it  belongs.  As 
an  additional  indication  of  the  characteristics  of  the  fuel,  the  specific 
gravity  shoiilil  be  detennined. 

XVIII.  Aualyais  of  flue-gases. — The  analysis  of  the  flnc<gaaee 
is  an  especially  valuable  methofl  of  determining  the  relative  value  of 
different  mctho<ls  of  firing,  or  of  dJlTerent  kinds  of  fumooea.  In 
making  these  analyses  great  c^re  should  be  taken  to  procure  average 
samples — «inpe  the  composition  is  apt  to  vary  at  different  {Ktints  of  the 
flue.  The  roniposilian  is  also  apt  to  van,"  from  minute  to  miuiit«, 
and  for  this  reason  the  drawingn  of  gas  should  last  a  considerable 
period  of  lime.  Where  complete  determlruitions  arc  desired,  the 
aualvMcH  should  Ix-  intrusted  lo  an  ez])ert  chemist.  Fur  approximate 
determinations  thcOrsatf  or  the  UemiHil  I  apparatus  may  be  used  by 
the  engineer. 

*Fkvre  and  Silberuian  give  M.544  TI.T.T.  pKr  pnuotl  rarlwin:  Rerthrlot,  14.&47 
n  T.r.  Knvrs  and  Silberman  ^ve  63,<III2  B.T.n.  per  potim)  bjrdrof^n;  Tliumaini, 
61,819  B.T.U. 

f  SiHi  li.  R.  nal«'A  paper  on  "  FiHe-Kiia  Analirflin,"  Transactioua,  vol.  EvlU. 
p.  901. 

t  See  Hempel's  "  HtftUods  of  Oaa  Aoal^siii  "  fMaecnillaii  &  Vo,), 
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For  the  continuous  indication  of  the  amount  of  carbonic  aetd  pres< 
ent  ia  the  flue-gases,  an  instriinicut  niiiy  hv.  employed  wliich  ahowH  the 
weiglit  of  the  saaiple  of  gaa  passing  Ihrougli  it. 

XIX.  Smoke  Obnervationx. — ll  ia  deairablo  to  have  a  unifonn  syii- 
tem  of  determining  und  rccunliug  thi*  i|iiiiiitity  of  Rmoke  produced 
where  bituiuiuous  coul  is  u^^od.  The  sy!>tem  commonly  employed  ia 
to  express  the  deKi*ee  of  sinoklne^s  by  meuus  of  pereentugt-s  depeudeiit 
upon  the  judjrmeiit  of  the  obsener.  The  cummittoc  dots  uot  iilace 
much  vnhio  upon  a  pcrecntwpe  method,  because  it  dc[)endB  so  largely 
upon  the  personal  element,  but  if  this  method  is  used,  it  is  desimblo 
that,  so  far  its  pofttible,  a  detinition  be  g^ircn  in  explicit  terms  as  to  tho 
basis  and  method  employed  in  arriving  at  the  percentage.  The  actual 
measurement  of  a  siiniple  of  soot  and  smoke  by  8ome  form  of  meter  is 
to  be  pieferred. 

X  X.  .ViKceUatifaug. — In  testa  for  purposes  of  scientific  research,  in 
whi<;h  tho  determination  of  all  the  variables  entering  into  the  test  is 
desired,  certain  ubserrations  should  \m  made  which  are  in  general  un- 
necessary for  ordinary  t<!t)ts.  These  are  the  nie;isiirement  of  the  air- 
stipply.  the  dt'tentiiiiatiuri  uf  its  contained  moisture,  the  determination 
of  the  amaiint  of  heal  lost  by  radiation,  of  tbeamotintof  intiltration  of 
air  through  the  sotting,  and  (by  condensation  of  all  the  steam  made 
by  the  boiler)  of  the  total  heat  imparted  to  tho  water. 

As  tlicso  determinations  are  rarely  undertaken,  it  is  not  deemed 
advisable  to  give  directions  for  making  them. 

XXI.  Cftlriiift/ions  uf  ICJfirienrtf. — Two  methods  of  defining  and 
calcuhitiug  the  cQlcieucy  uf  a  Uuilcr  aro  recommended.     They  are: 

,    n^  ■  .  ^i_    I    -1         Heat  alworbed  per  lb.  combustible 

1.  Emcioncv  of  tho  boder  =  ,,  . — ^ ^ ,-,^iv-- —  .     ,.., 

I  alorinc  value  of  1  lb.  combustible. 

«    Ti.i«  •  if  .t     V  -1  J       i.         Ueat  absorbed  per  lb.  coal 

2,  Emctencv  of  the  bouor  and  grate  =  rn — 777 ; h-rv, r 

**  Calorific  value  of  1  lb.  coal. 

The  first  of  these  is  sometimes  called  the  efficiency  boswl  on  com- 
bnstible,  and  tho  second  the  erticiency  based  on  coal.  The  first  is 
recommended  a»  a  stiindard  of  cuniparison  for  all  testis,  and  this  is  the 
one  which  ia  understooil  to  be  referred  to  when  tlie  word  "efficiency'* 
alone  is  used  without  qualtficaliuti.  The  second,  however,  should  bo 
included  in  a  report  of  a  test,  together  with  the  first,  whenever  the 
object  of  the  test  ia  to  detemiiuo  the  tfliciency  of  the  boiler  and  fur- 
nace together  with  tho  grate  (or  mechanical  stoker),  or  to  compare 
different  furnaces,  gnites.  fuel:;,  or  methods  of  firing. 

The  heut  absorbed  per  pound  of  combustible  (or  per  pound  coal)  is 
to  be  calculated  by  multiplying  the  equivalent  eraiioration  from  and 
at  212  degrees  per  jtound  combustible  (or  coal)  by  l*'i5.7. 

XXII.  The  I  lent  Ifalanee. — An  approximate  'Mieat  balance."  or 
statement  of  the  distribution  of  the  beating  value  of  the  coal  among 
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tlie  BOTeral  items  of  lieat  utilized  and  heat  lost  may  be  included  in  tho 
report  of  a  XvsV  wtieu  aualvsi'i!  of  Uiq  fuel  and  of  tho  chimney-gaBeft 
hare  btreu  made.     It  sliould  be  rejiorted  in  th^  following  form: 

HKAT  BaLAKCK.  on  DtSTRIIUmOK  op  THK  IIkaTIKG  VaI.CKOV  TaBCOHBUSnBLS. 
ToUl  H«»l  Value  of  1  III.  of  Combustible B.T,U. 


Ueat  absorbeil  by  t!ii<  b«)tU'r  =  3Va[Mtratirtti  from  atid  al  SIS 
degrees  pefpouud  of  combuHCiblv  x  tfB5.7. 

LoH  due  to  inoisturu  iii  cohI  =  \wt  cvaV  of  luniMurc  referred 
to  eombuBtiblu -f-  100  x  |(313— 0  +  (W« -i- 0.48  [T - 
313)j  (f  =  ti^m|>Rmti)ni  ot  air  in  the  lJOilur-r«>otn,  r  = 
that  of  tb«  fiue-puMT!^). 

Ldm  dae  tij  luoisture  fonited  br  tliu  burning  u(  bfdrogen 
—  iwir  Cent  of  Ljdrogou  ti  com  bust  jbl«  -f-  100  X  0  X 
f(Jia-  ()+9M  +  0.48{r-  ai3)l. 

4.  *  Cx«a  (uiP  ti>  lirat  carried  away  in  tbe  dry  ebimiiey^gasra  = 

wuigbt  uf  gas  per|>uundi>f  coiiibu»tilil»  X  0.34x(7'— ')• 

If  J 

5.  t  LoMB  due  to  locompleto  cumbuatlon  o(  carbon  = 


8. 


per  cent  ('  in  ojmlmsliblw 


co,  +  oo 


X  10,150. 


Low  due  lo  ancimKUniiyl  Iiydro^^n  ami  bydmcarbuntt,  to 
heating  tbe  ui«l<tturc  bi  tbc  nfr.  Xn  radialion,  aiitl  uitac* 
ootinled  f»r.  fSome  of  xXv-Hf  litssea  may  be  Hui>anUely 
it«iniiK<^'d  if  data  an-  ubtainod  from  wLicb  [bey  may  be 
calculated.} 

Totals 


B.TU. 


1^  OMt. 


100.00 


XXTII.  iirjiorf  of  thf.  Trial. — The  data  and  results  should  be  re- 
ported in  the  munner  given  iu  either  one  of  the  two  foUoiring  tables> 
omitting  lines  wliere  the  teiit^  have  not  been  mu<}e  as  ehiborat«ly  u  pro- 
Tideti  for  in  such  taibles.  Additional  lines  may  l>e  addeil  for  ilatu  re- 
lating to  tlie  specific  object  of  tlio  test.  The  extra  linea  sliould  bo 
daasilied  utider  the  lif.-nlinps  provided,  iu  the  tublef,  and  numbered  aa 
|H;r  preceding:  line,  with  eublettors  a,  6.  etc.  The  Short  Form  of 
Rojfort,  Table  So.  2,  id  recommeiidod  for  lonimtTiMal  tests  and  aa  a 
canrcnitMit  fumi  of  abridging  Un;  longer  fi)rm  for  publication  when 
saving  of  space  la  desiniMe.  For  elaborate  trialw,  it  is  rei^ommended 
that  tiie  full  log  of  the  trial  be  shown  graphical!)',  by  meaiid  of  a  cbarL 

*The  wrlichl  uT  !(■■  per  pound  irfcarlKit)  bum«d  majrbeniloalRted  f rom  tb*  faa  analjrKn  a* 

follow*:  /v^         Brt       >■ 

I>rT  BaB  per  pound  mrbon  >   "^jI^^^'^'^*^^-:^^.  In  whlchCO,.  CO,  O.an.1  N*  are  iha 

per«*ntBC«>«  bv  rnliini*>nr  thii' wrcrnl  Katm.  A>lii»wmpllnff  nivl  noalrMvot  ib»  ft«w«  In  rh» 
pTMrnt  «iai«  of  I  hf  ort  arolLnlilft  ro  roimlrlorabLv  error*.  tl)*r«suli  t>r  Ikifkcalvulalloii  iKixniallr 
oiity  an  aiipruiiiKftt^  od».  Thf  hoai  iMUano*  iu>»ir  hialiwoiilv  niiprpxiniBle  rorthiB  r«a»»n.  a" 
weO  aa  Tor  ilx-  tnri  Dint  It  In  not  p-'-N>lble  to  itawrnilDv  ooMiratfiy  ilie  pcra^iafro  of  unbiirtMd 
tajdrnffan  <ir  liyiln-t-srltoo*  in  Itm  fluA^MMw. 

Tli«wut|[bt  ot  i\ty  KM  |HT  poiinil  ofiximliii-iilJe  Is  foun'T  by  miililph-InK  tlw  dryiaaper 
punml  of  cannon  hy  ili«p<Trc>-r>iar*  of  carbon  in  llir  r<jii]liu!>til>)-.  ami  diviitlnir  bv  tOO. 

ten,  and  (NJ*n>  n«p*«itv»iyihi>  n«rv-v(itAKe  tiy  voluint*  of  f«rlinii|[Tn.clilaiidcmrbonl«  oxide 
In  ihe  Hiie-icaM-o.  Tlie  quaiitltT  lO.IM  m  No.  lieat-untU  Kvnefaied  bybumitic  locarboiite  acid 
one  ponnd  of  carbon  onn tallied  in  carboniu  oxideL. 
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TABLE   NO.    I. 
Data  amd  RatuLis  or  £taforativ8  'Van. 

Arrmnppd  in  nccoDlaiico  witL  tlic  ('utii|ili*1(^  Fi*rrii  tttvisvd  by  tliP  Boiler  T«*st  Com* 
tnittM  oi  tbe  Aui«tio«D  Sociuty  of  Mvcliftuical  En^lnt^nt.     Code  of  ltl99. 

Matlf  bjr irf boiler  at to 

(Iv^terriiiiio. ...   , 


Principal  ooudiUona  gorernmg  the  trial. 


KiHdoff^ti* 

Ki"d  t'ffurmtt* 

8i)it»f  ijf  tiie  wi-atU«r .••• 

Mftlintl  of  Dtnrtiug  am)  sloppiD(f  llie  test  ("  staodanl  "  or  "  alteraale,"  Ait,  X. 
and  XI,.  C'h\v)  

1.  jMtf'f  trial 

tL  Duratiujk  o/triai bonra. 

DimttiuoHM  and  Proportion*. 

(A  eoinpleti>  desfrifillon  at  tlio  U>I|pr.  and  ilrAwin^^s  of  thf>  saioA  If  of  anuaaiil 
ly])*,  sbouM  be  uivca  (in  an  auiivxvd  »b*fl.     (Stw  Aiipvutlix  X  ) 

3    lirnte-aiirjWe  ......  .fitilh. IfiiffiA area 

4.  Il^-i^iit  of  furnace 

6.  .^(ipnisiHiaie  width  of  air-Kiwrf^t  hi  grate. 
0.  1*rn|Mirtif)n  of  air  »pac«  to  nbole  ^aie-surface. 

7.  W-itrr  he-lintj  9HrP'ff 

5.  Suptrhfating  wurfacf 

9.  ttatio  ot  waivr-krntiD^  surface  to  f;Fati-<«urfae«'. 

to.   Ratk>  of  iniriliiiuin  draft  arva  l4i  ^ralc-Kurfaou. 

Avtragt  Prtsturtt. 

11.  SttmH'prfaiiHrt  ff/gmifff Ibf.p«raq.  tn, 

i'i.  F»re«  vf  dr'^ft  htttrttH  datnper  and  hoUrr ini.  of  water. 

IS,    Kiin-P  i»r  draft  in  fiimarr "  " 

14.  Forcv  of  draft  or  blaai  in  anb-pit "  " 


Artraffe  Tanprratvret. 


^'^.   lif  rxttfrDnl  air ,... 

in,  (If  tiru-nxim - 

17.  or  ••(■•Mni. 

18    (If  fr-inl-wnler  entfrtrifT  lii-nlt-r 

19.  Of  f«'fed>WBtor  ciilcrinfT  cvoonniizer 

30,   flffr.ii-mtttr  enterinii  Iftilrr 

21.  t'ife»eiijiintf  ^'KM/t-otnOciUr 

33.  Of  rseapint^gaafs  froui  HroitoniiEer 

Fiul. 

23.  SizH  and  eonditiun 

24.  Wf'ttrbt  r>r  WMwl  KfirA  io  lighting  fin 

^.    Wright  .-fiotii  tu  fired ^ 

26.  i'ereentagt  of  miruturt  in  coaH. 


•  Th"  Iti^ma  nrlnird  tn  Italto* «ArrfwfN>n<1  to  ltH>  Itriiia  In  ltM>  "Hltort  Form  of  nxte." 
(  Iii<>li»i1lnErr-<i>iif  nl""'  "f  <"^<Klii>vd  mllirl'il'ii:  (lia'div.  ii<^i  liirliidlitCDriUiiri.t  <vi«|  wltlxIrawD 
fr-lri  fiimmT  itt  ilm»-"  of  cI^bdIiiie  M'A  «l  «fnl  of  I(-«i,  On«?  (■mtPil  nf  wikhI  1«  t»k""i  Io  l>(miual 
tod  4  tHiox'l  of  roal,  nr,  In  <<«■»•  rrml»r  nctMiriL'^  la  O^Niiml.  aa  having  a  lirac  vatuf^i-qiilralent 
r<N  thoi'VMixirnii'iti  t>r  A|aiiiii<1i<  i<X  «al<M'  fr<-iii  ami  al  H'i  Atrv'yr*.  |>r>r  iniiiuil  (0  '•'  Pw.T  =■  fiTM 
B.T  L'  I    T^f  Ifrrtn  "  n*  Hn-il  "  nii-nro  In  it*  »i-(u»l  ciiinlilidn,  Iriirliifliiie  nMlnliirr. 

tThi«  k  thv  tofal  m<)4fttun>  In  thr  roal  u  found  liy  ilr>'liip;  11  artlBcallri  ■■  deaerlbed  la 
Art.  XV.  of  Coda. 
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60.   Fartnr  of  evii[>oration* Ibl. 

6t.  t^iilTftteiii  water  evapontcd  into  diy  sleAiu  from  ami  at  213 
degrees-t    litem  69  x  liem  60.). 

Water  per  JStntr. 

62.    Witt f  r  etapornied  pe^r  hour,  eorrtcted  for  quality  of  tt$am " 

88,   EqivtiUnt  cvipoiaiion  ptr  hour  from  and  ui%VitUffrtea\ " 

54    tOjuiraitnt  etnpoiation  per  hour  from  and  at  312  degrett  per 

tquarefoot  of  ipaUr-fteating  Burftee  f. " 

Horte-poiter. 

85.  UorH'poieer  detttoptd.  (84i  Ui».  of  waUr  evaporated  per  hour 
into  dry  »team  fnym  and  at  213  degrees,  equaU  one  horte- 
po*o<r)X H.P. 

(8.  Bmld*r$'  rati'd  horar-jxyufr 

ft7.  Purttntagc  <^  ImUden'  raUd  horupovnr  dttelopad, per  cent. 

JScoHomie  Itnvlls. 

66h    WntfT  app-trf.ntly  tzap/^nUd  under  aelutsl  eonditiont  per  pound 

of  e<.nl  04  firetl.     | /(^m  58-^7f0m  3S. ) lbs. 

6B.  E(iu%vilent  (Viporation  frotn   and  at  313  dtgreet  per  pouud  ttf 

eoid  ii0jirrd'\    (Item  61  +  Item  3.V) .  " 

70.  K^iuUeut  rviiMiiiliDnfrom  and  at^\%  dtffrte»  per  jtourid of  drjf 

(,"11  i     iIlJ^Q\  ~  ltrm27.} " 

71.  Efuivnlrnt   fpapomtioti   from  arid  tit  'il'i   degree*  per  pound  (^ 

co>nhuetihU:^     (}Un,  61  -k  Hem  30.) " 

(It  ihi^  t^-iiiiit-alfnt  uvapnralirm.  It(^-iiii4  69,  70,  ami  71,  iit  not  cor- 
rected for  tLe  qualltj  of  stAam,  tlie  fact  ahould  b«  stated.) 

BgiHrnry. 

73.   Effl^irruy  ••/  tfir  Mler  :  hmt  nfitorbat  by  the  hotter  per  lb.  of  com- 

f'ut'ibie  at'  idtd  by  the  hmt-ntiut  of  one  lb.  vf  eonibuaubtf% percent. 

78.  Bjfieiet4ey  of  (toiler,   ineludiny   the   grate ;    heal   absorbed  hy   the 

boiler,  per  lb.  qfdry  eoal,  divided  by  the  heat-value  of  one  lb.  of 
dryeoal " 

Cott  of  Boaporation . 

t4.  OoHcfcoal  per  ion  of lb».  delivered  in  bt/iUr-room $ 

TO,  CoUof  ta*f]  for  evaporating  1000  IbM.  of  water  under  obmrred 

miidili'ins    ... .. $ 

70.  Cott  of  fust  utedfor  etaporatxng  1000  iAa.  of  water  from  and  at 

^Vidogrett $ 

Smoke  Ohtervatione. 

77.  P«rc#Di8^e  of  smoke  aa  obserred per  oent. 

19.  Wright  iif  HiKit  p<T  liuur  ubt«ineil  f mm  sti>oke-tuet«r ooucea. 

79.  Volumd  of  soot  per  boar  obtained  from  mtoke-nHilar cob.  Id. 


H  —  h 
*Faeiarof  «*nporatloD  ^'^mT'  •  iBWhtdiHind  AarerespMtlwIjtbe  total  iMiAtIn  ataaro 

nt  Die  avci-aK*  ohaermi  praeMure,  and  fn  wat«r  of  Tlia  avf-rajp*  ohMrred  IfiiifMrraltirr  of  tlia 

+  Thn  ■jrmlMil  "  U,  E.."  nM*aiitri)(  "  Unlt«  of  Kvaporallon."  may  h*-  i^onvFateiitljr  KulMtlliiird 
for  the  Pznrvuk'D  "  Cqiifval^nt  water  evaporated  mlo  drj  Bt«aiD  from  nn<l  at  31.'  dfV^^^"  "■ 
(li-Rnlti(in  Wlnx  ic1r«n  In  a  fito44«H«. 

t  Hi'M  to  lw  Ihn  rHiitivalt^ntnraO  ItM.  of  watvr  pfr  hourc*a[Kimlnl  rniin  100  drirm^  Pnhr. 
Intn  rlry  urcAin  ni  7(1  iImi.  gaiiK^pr— iiirw.    (Kh'  Ininiiliii-iliin  in  CTmliM 

•  In  all  ci*e»  w)i«T«>  th«  irora  "oonbaaHhtf  "  l«  nvil.  k  inMiiiA  ihn  mal  olthnnt  molMure 
andasb.  htjt  incUullniriUl  oUwf  eouUtuenia.  UU  tlteiAiueaa  wbat  l«call«l  la  Burop«"eoal 
drr  and  f  raa  from  aah." 


ZM 
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Metltodi  of  Firing. 

80.  K)o(l  of  RrlDg  (spreading-,  alternate,  or  coking) 

81.  AvprBKC  tbirknt^s  of  fire 

83.  Avcru^p  iiiif  rvRls  l>etwet-n  flrings  for  each  furnace  during  time 

wLiPU  fires  are  ill  nortnHl  o»n<lition 

83.  Avcn4jo  interral  Iwtween  timeaof  levalLiQgor  braaklng  up 

Analytt*  oftht  J>ry  Oa*i*. 

S4.  Carbon  dioxide  (CO*) par  oeot, 

W.  Oxvgea(t}) 

M.  Carbon  maooxide  (CX» 

IfT.  HjilnigL-ii  anil  livdrocarbons 

ae.  KUnigeD  (by  difference)  (N>. 

100  per  oenL 


.aa boiler,  at. 


TABLE  NO.  8. 

Data  akd  Rbbults  op  Evaporath's  Tsar, 

Anugad  to  accordance  with  tbe  Short  Forni  adviwd  \>y  the  Boiler-test  CommiU 
tMOf  tlie  Aiuvrtcau  Hocietjr  nf  Mecljauical  Engineers.     Code  o[  1809. 

Hidsb^ 

deleniime 

Kind  of  fuel 

KiMd  of  furaace  

Mriltiiil  of  ntarting  and  fttopping  the  test  ("^landanl  "  or  "Bllerait*,"  Art.  X. 

ami  XL.  C<»iIo) 

Orate-aiirfaca aq.  ft. 

'Water-heating  surface 

Su|>erbeattii>c  aurface ,. •• 


Total  QuantitiM. 

1.  nat<^>ur  trial 

2.  Duration  ni  trial 

3.  Weiglit  of  coal  iia  firwt  • 

4.  Percentage  of  moisture  in  ooal  * 

6.  Tolul  weight  of  drv  a>al  CDnftumed 

6.  Total  asb  and  refuse 

7.  I'nrcfntagf  of  aah  and  refuse  in  dry  coat 

8.  Total  weight  of  water  fed  to  the  boiler  • 

9.  Water  a«-tiia11y  evii[>oratt>i1,  correctt^d  for  moMture  or  super- 

heat in  ateam 

10.  Eijnivalent  water  eva^Hiratoil  inti>  dry  atoatu  from  and  at  213 

degreea  * 

Hourtjf  Qnantitiet. 

11.  Dry  coal  cooaomed  per  hoor 

13.   I>rj  eotil  per  »i|UBr<^  fuot  of  grata-nurfafe  t>«r  hour 

13.  Water  evaporated  por  hour  corrected  for  aiialitr  of  steun. . , . 

14.  Kqiiivalent  ersfMiratiao  per  Iinur  from  ana  at  '212  degreea*. ,, 
11^  Equivalent  eraporation  per  hour  from  and  at  213  degnwH  per 

square  foot  of  water- lieating  hurface* 


boura. 
Iba. 
per  ceoi,  | 
lb<i. 

percMiC. 
Ibik 


*  8e«  foot-notes  nt  CiiinpMe  Porra. 
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Auntog*  iVmmrM,  Tewperaturt*,  etc. 

16.  St^un-jiri'BHiirB  by  gauge lbs,  per  sq.  In. 

17.  Temperature  nf  fe«d-watot  entering  boiler d^. 

18.  Teciperature  of  (jscnftlar  gues  rrQiu  b«>iler.... " 

18.  Force  of  draft  betwAen  damper  and  boiler ina.  of  yttxtt, 

90.  Percantagp  of   moisture  ia  sieaoi,  or  Dumber  of  degrwi  of 

Buperheatitig per  oeat.  or  deg. 

21.  Ilorw-power  d«velopfd.    (Item  14 -t-S^i)* H.P, 

'i%.   Builders'  rai«d  linrEC-pDwor •..  " 

38.  PerooQtage  of  boLld^ra'  rated  kor»e>power  developed. per  oeat. 

StoTUMnif.  liftutU. 

84.  Water  mppanintly  eTap<>riit««J    under  actual    condittotis  per 

pnucd  of  coal  bm  firtxj.     (It^-tu  8-i-  Uetu  3) Ibt. 

SS.  EqulvaLeDt  eTaporation  from  and  at  212  degTe«B  p«r  pound  of 

coat  (ui  tlr<Mi.*     (lu-m  10  s-  Hem  8) " 

SQ.  Kquiralent  cvapomiioit  troiii  and  at  212  degTMM  \wr  podod  of 

dry  ciial.*     (Ilmi  10 -f-  lu-iti  5) " 

27.  I^quivalunt  evnporntinn  from  and  at  212  degrees  per  pound  of 

cowbufttible.*     [Item  10  -*-  (Item  5  —  Item  6)) ........  •• 

(tf  Itoms  39,  'M.  and  27  are  nnt  oorrccted  for  quuity  of  ateam, 

the  fact  ahoold  be  elat«d.) 

(MDriOc  Ttloeof  the  dry  ooal  tier  pound B,T.tr. 

30.  Oilorific  value  of  the  comboiitilile  jier  pound "    "    " 

50.  EBclencjr  of  boiler  (based  on  ronibuHtitiltj)* percent. 

51.  Efficiency  of  boiler,  including  R'v'c  0>&^  CQ  dry  coat) " 

Cort  of  Svaporation. 

99.  Com  of  coal  jwr  ton  of lbs.  delivered  in  boiler-room 9 

S8L  Cost  of  conl  r«quirHl  for  evaporaliitg  1000  pounds  of  water 

from  anil  at  21 3  dcgrw  ■ $ 


*  See  foot-yotea  gf  Cooiplete  Form. 
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APPENDICES  TO  CODE  OF  1899.» 

*  U irattj  condvnfirfl  from  tlin  ortfrlnnl  n-iwrt.  Miuiy  of  tlic  appendices  in  th* 
report  are  oiuitud,  Aiid  others  nre  A)>rldf^.  The  inliUila  8l>ni«i  to  tlie  appendioe* 
»re  tlione  of  tlm  nnninliern  uf  tlie  cniiitnitlre  hy  wlmiii  tl»*y  wem  written,  vii.: 
Charles  E.  Eiu«ry,  Ctias.  T.  Porter,  Oeo.  H.  UarniB.  aud  William  Kent;  or  of  J.  <X 
Uuadlay,  deceaacd,  uieaib«r  of  the  coinniiciee  of  1885. 

Appendix  I. 

RELATIVE  WEIGHTS   OF   WATEE  AKD  FrEL. 

The  elaboruto  diroctionu  and  multiplicity  of  details  provided  for  in 
the  foregoing  Codo  should  not  divert  thn  niinds  of  amateurs  from  the 
fact  that  the  principal  elements  to  be  ancertained  in  a  boilor  test  are 
the  weight  of  water  evaporated  and  tlic  weight  of  the  fuel  required  tO' 
produce  such  evaporfltio]i.  If  the  Code  be  scanned  closely  with  tbie 
thought  in  mind,  it  will  be  found  that  many  of  the  elaborate  provis- 
ions arc  intended  to  secure  uccumcy  in  deLeriniuiiig  these  importAUt 
elements.  It  ia  true  that  there  are  provisions  etnhouied  which  do  not 
refer  directly  thereto,  but  it  is  necessary  that  all  avuiluble  data  be  ob- 
tained BO  that  comparieoiis  can  bo  made  witli  the  porformaucea  of 
other  boilers,  for  the  purpose  of  adjusting  contracts,  for  general 
inforniation,  as  a  guide  in  the  selection  of  fuel,  or  for  improvements 
in  the  future.  c.  £.  E. 

AppENmx  IT. 

OBJECT  OF  THE  TEST. 

lu  preparing  for  and  conducTing  trials  of  st«am -boilers,  the  sp«ci> 
fie  object  of  the  proposed  trial  should  be  clearly  deflned  and  steadily 
kept  in  view. 

1.  If  it  be  to  determine  the  efficiency  of  a  given  style  of  boiler  or 
of  boiler-setting  under  normal  conditions,  the  boiler,  brickwork, 
grates,  dampers,  flues,  pipes,  in  short  the  whole  apiiaratna  sltoiild  !>*• 
carefully  examined  and  arcnrately  dpKfrilied.  and  any  variation  from 
a  normal  oonilition  should  bfiremotlied  if  possible,  and,  if  irremediable, 
clearly  described  and  pointed  out. 

2.  If  it  be  to  ascertain  the  condition  of  a  given  boiler  or  set  of 
boilers  with  a  view  to  the  improvement  of  whatever  may  be  faulty, 
the  conditionR  actually  existing  bIiouUI  be  accnrately  obson*ed  and 
clearly  described. 

3.  If  the  object  be  to  determint'  the  relative  value  of  two  or  mor* 
kinds  of  coal,  or  the  actual  value  of  any  kind,  exact  equality  of  con- 
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ditions  ahonld  be  maintaineil  if  noBsible,  or,  where  that  is  not  prac- 
ticable, all  variattonH  should  be  duly  allowed  for. 

4.  Only  one  variable  should  be  allowed  to  enter  into  the  problem^ 
or,  Hince  the  entire  exclusion  of  disturbing  variHtioiis  ciinnot  UBuallj 
be  effected,  they  should  be  kept  as  closely  as  iwasible  within  narrow 
limits,  aud  allowed  for  with  all  |)osaible  accuracy. 

J.  c.  u. 

Appendix  III. 


OBNBKAl.  OBBERVATIOira. 

All  observations  are  to  bo  niftde  by  the  expert,  either  persoually  or 
by  his  assistants.  No  statement  of  any  kind  is  to  be  received  from 
the  owner  or  persons  in  charg^e  of  the  boiler.  All  possibility  of  any- 
thing that  would  falsify  the  results  must  be  closely  guarded  against; 
all  pipes  not  used  must  be  ttiken  away  or  bla^ik  flanges  inserted. 

A  Hvatem  of  firing  anil  a  system  of  measuring  the  feed-water  should 
be  employed  that  will  prove  the  rorrpL-tness  of  tlie  record,  and,  if 
errors  are  made,  will  clearly  exposf!  them. 

If  possible  the  steam  generated  should  be  condensed  by  pa&sing  it 
through  a  surface-condenser,  where  it  is  cooled  by  u  strong  current  of 
water  in  a  closed  chHml>ei-.  By  this  means  the  number  of  (hernial 
units  added  may  be  ascertained  with  precision. 

A  Iwiler-test  cannot  be  condurted  projH.'rly  when  it  is  complicated 
by  being  combined  with  an  engine-test. 

c.  T.  P. 

Appendix  IV. 

PRKCArTI0N8  TO   BR  OBSERVED    IN   HAKtNO    A   BOILKR-TKST. 

Boiler-tests  are  ofton  nndertJiken  with  insuHlcient  apparatus  and 
assistance.  It  is  possible  for  a  single  [terson  to  test  one  boiler,  or  e\'en 
several  in  a  battery,  but  it  requires  a  great  deal  of  labor  to  do  .so,  and  in 
many  CAsee  such  person  would  bo  so  fatigurtl  as  to  !« liable  to  make  a 
simple  error  vitiating  the  results.  Ho  would,  moreover,  at  no  time  be 
able  to  give  proper  oversight  to  the  test,  so  as  to  prevent  accidental  or 
unauthoriEeu  interferences.  It  is  very  desimble,  in  fact  almost  indis- 
pensable, that  an  assistant  l>e  detailed  to  weigh  the  coal,  and  anotlier 
to  weigh  or  measure  the  water:  if  calorimeter  tests  are  to  be  under- 
taken, still  another  assistant  should  be  provided.  The  engineer  in 
charge  is  then  left  free  to  oversee  the  work  of  tdl,  and  relievo  either 
tenifvorarily  when  necessary.  Engineers  are  frequently  called  upon  to 
make  boiler-trials  in  connection  with  partie-s  whose  interests  are  an- 
tagonistic to  a  fair  test,  and  frequently  the  voluntary  assistance  of 
busybodies  is  likely  to  produce  errors  in  the  results.  It  is  therefore 
Qssonttal  to  have  trustworthy  assistants,  and  those  of  sufficioDt  calibre 
not  to  be  confused  by  iDtereetcd   parties,  who  will  frequently  eu- 
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deavor,  in  the  moat  plausible  manner,  to  make  out  that  a  certain 
measure  of  coal  \\vi&  been  alroa(]y  tallied,  or  that  a  certain  tank  of 
water  has  not  beeu  tallied. 

In  the  tirst  engine-trials  at  the  Anioricun  Institute  Exhibition 
(1809),  in  the  Centennial  boiler-trials  (1870),  and  since  in  private 
trials  respecting  perform  an  l'cs  of  boilers  us  between  the  contractor  and 
purchaser,  the  writer  ha«  arranged  for  both  interests  to  take  the  data 
at  the  same  moment,  with  instructions^  if  iigreement  could  not  be  hod, 
that  the  dilTerence  be  at  onc;e  referred  to  Jiim. 

In  weighing  the  coal,  the  burrow  or  vessel  used  should  be  balanced 
on  a  scale  and  then  Ullad  to  a  certain  definite  weight  The  lalxtrer 
will  soon  learn  to  fill  u  vessel  to  the  same  weight  within  a  few  ]>ounds 
by  oijunting  the  number  oE  shoveU  thrown  in,  when  the  change  of  a 
lump  or  two  t^  or  from  u  small  box  alongside  the  scale  will  balance  it. 

The  water  may  be  nieiisurod  lu  one  tank  by  (illing  it  to  one  mark 
and  pumping  down  to  another,  but  this  invoWes  glopjiiug  the  pump 
when  filling  the  tank,  thereby  failing  to  maintain  unifonnity  of  con- 
ditions. T«'o  tanks  armuged  so  that  each  can  be  filled  and  emptied 
alternately  are  much  better.  A  still  bLrttcr  plan  is  to  have  a  settling- 
tank  to  pump  from  and  a  mcasuring-tunk  which  is  emptied  into  it, 
and  this  plan  is  improved  bj  setting  the  meusuring-tank  on  a  scale, 
and  actually  weighing  the  water.  For  large  operations  three  tanks 
are  necessary:  a  lower  tank  to  pump  from  and  two  meaeuring-taoks, 
one  of  which  is  filling  while  the  other  is  being  emptied. 

A  simple  toilty  should  never  be  trusted.  Nothing  sooma  more  re- 
liable to  an  inexperienced  observer  than  to  mark  1,  3,  3,  4,  with  a  di- 
agonal cross  mark  for  U\  but  when  there  are  waits  of  several  minuted 
between  the  marks,  and  severul  operations  performed  after  a  tally  is 
made,  there  will  be  confusion  in  the  mind  whether  or  not  the  tjiUy  has 
been  actually  made.  The  tallies  both  of  weights  of  coal  and  of  tanks 
of  water  should  be  written  ou  separate  lines,  the  time  noted  oppo8it« 
each,  aud  the  records  always  made  at  the  beginning  or  termination  of 
some  particular  operation;  for  instance,  in  weighing  coal  at  tlie  time 
unly  when  the  barrel  or  bucket  is  dumped  on  the  tire-room  floar.  It 
is  desirabk'  to  liave  u  number  of  coincident  records  of  coal  and  water 
throughout  the  trial,  so  that  in  case  of  accident  it  may  be  hfhl  to  have 
ended  at  one  of  such  times.  'J'he  uniformity  of  the  operations  uiuy 
also  be  tested  in  this  way  from  time  to  time.  For  this  reason  it  will 
be  found  coDVontent  to  tire  from  a  wheel-barrow  set  on  a  scale  and  to 
have  a  float  or  watcr-gaupe  connected  with  the  tank  from  which  the 
water  is  pumped;  by  which  means  the  coal  and  water  used  may,  in  an 
evident  way,  be  ascertained  fur  any  desired  interval. 

C.  £.  E. 

Appendix  X. 

DESCBrmON    OP   OOILEB. 

The  report  should  iuclude  a  complete  description  of  the  boiler, 
which,  for  special  boilers,  should  be  written  out  at  lenHh,  but  gener- 
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ally  can   coDveniontly  be  preaented  in  tabular  form  subetantially  aa 
follows: 

Ty(>e  of  boilor;  tHamcter  of  shell;  length  of  shell;  number  of 
tubes;  diame ler  of  tubes ;  Icugth  of  tubes;  diuuieter  of  steam-drum; 
width  of  furuuce;  length  of  furuace;  kind  of  gmte-bara;  width  of  air- 
spaces; ratio  of  area  of  grute  to  area  of  air-spaces;  area  of  chimuey; 
height  of  chimuey;  leugth  of  flues  conuecting  to  chitnnoy;  area  of 
flues  connoctiag  lo  chitiiney. 

GoTcrning  proportions:  Grate-surface:  beating  surface  (water, 
steiiin,  total);  area  of  draft  tbrongh  or  between  tubes;  ratio  grate  to 
lieating  surface;  ratio  draft-area  to  grate;  ratio  draft-area  to  total 
beating  snrfiu^;  n-ater-spa(%;  steaxn-space;  ratio  grate  to  water-space ; 
ratio  grate  to  Bteam-)^p:ice. 

c.  E.  E. 

Al'PKNWX  XT. 


PBTRBMININ'O    THE    HOISTUHK    IN    COAL. 

fntil  recently  two  methods  of  dotermiuing  moisture  in  coal  have 
been  ia  common  use:  first,  the  one  usually  adopted  in  boiler- testing, 
which  cousista  iu  drying  a  large  stiniple,  fifty  pounds  or  more,  in  a 
shallow  pau  placed  over  the  boiler  or  flue;  socoml,  the  method  usnally 
followetl  by  chemists,  of  drying  a  one-gram  sample  of  pulverized  coal 
at  312"  F..  or  a  little  above,  for  an  hour,  or  until  constant  weight  is 
obtuineil.  Itoth  methods  are  liable  to  large  errors.  Id  the  first 
nietliotl,  the  tomperatui-o  at  which  the  drying  takes  place  is  uncertain, 
and  there  is  no  means  of  knowing  whether  the  temporaturo  obtiiined 
is  snttlcieut  to  drive  off  the  moisture  that  is  held  by  capillary  force 
or  other  attraction  within  the  lumps  of  coal»  wbich,  at  least  in  caf>e  of 
bituminouif  coals,  settm  to  be  as  ])orous  as  wood,  and  as  capable  of  ab- 
sorbing moisture  from  the  atniOFpbere.  The  second  method  is  liable 
to  grcatrr  error.-*  in  sanipling  than  the  first,  and  during  the  process  of 
fine  crushing  and  })aB8ing  through  sieves,  a  considerable  portion  of  the 
moi.'^ture  is  aj)t  lo  bu  removed  by  uir-ilrying.  In  ua  extcusive  scrips  of 
boiler-tests  miule  by  tlie  writer  in  the  summer  of  1806,  it  became 
necessary  to  find  niure  accurate  niuuns  of  determining  moisture  than 
either  of  those  above  described.  It  was  found  by  repeated  heat- 
ing at  gradually  increasing  temperatures  from  21^°  up  to  300*  or 
over,  and  weighing  at  intervals  of  an  hour  or  more,  that  the  weight  of 
coal  continually  decreased  until  it  became  nearly  constant,  and  then  a 
Tery  slight  increase  took  place,  which  increase  became  greater  on  further 
repeated  boatings  to  temperatures  above  250*.  It  has  often  been  stated 
that  if  coal  is  heated  above  21:i*  F.,  volatile  matter  will  be  driven  off; 
but  repeated  testa  on  soventeon  different  varieties  of  coal  mined  iu 
western  Pennsylvania,  Ohio.  Indiana.  Illinois,  and  Kentucky  invariably 
showed  a  gradual  decrease  of  weight  to  a  minimum,  followed  by  the 
increase,  as  stated  alwve,  and  in  no  single  case  was  there  any  percept- 
ible odor  or  other  indication  of  volatile  matter  passing  off  below  a  tern- 
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pemture  of  350^.  The  fact  that  no  volabile  matter  vas  given  off  was 
fiirtli^r  proved  by  heating  the  cuul  in  a  glass  retort  and  catching  the 
va|>or  driven  of!  in  a  bottle  Sited  with  water  aud  inverted  in  a  basin; 
the  air  displaced  from  the  retort  by  expansiuu  due  to  the  healing  dis- 
placine  the  walor  in  tlie  bottle.  Wlien  the  retort  was  coole<l.  after 
being  neated  to  350°  iu  au  oil  bath,  the  air  thtis  expauded  euiitracted, 
and  returned  from  the  bottle  to  the  retort,  leaviug  the  bottle  full  of 
water,  as  at  the  beginning  of  the  heating,  shoving  that  no  gae  had 
been  given  off,  except  possibly  snc)]  exceedingly  Bniiill  amount  ta 
might  be  absorbed  by  the  water.  The  method  described  in  I^ection 
Xv.  of  the  report  was  then  adopted  as  the  best  available  methoil  of 
determining  the  moisture  iu  theae  eouts.  Its  accuracy  was  further 
checked  by  other  methods.* 

The  new  method  of  drying  and  its  results  were  cominiinicated  by 
the  writer  to  Prof.  R.  C.  Carpenter  of  Cornell  UnivorBity,  f»hortIy 
after  they  were  matle,  and  he  thereupon  began  oxperinienting  with 
the  methud,  and  fully  coiifinned  the  writer's  coti4:luHiuns.  In  a  letter 
dated  May  18,  181C,  lie  says:  '*  We  haru  investigated  tlie  moisture 
question,  and  find  that  in  all  the  suinpke  tested,  some  four  or  five  in 
number,  there  is  no  anpi-cciablc  loss  between  temperatures  250  and  300 
degroee;  at  least  tho  loss  is  less  then  our  means  of  weighing."  In  hia 
paper  on  **  Hygrometric  rroi^eriies  of  Coals,"  presented  at  tlie  Uart- 
foni  meeting  (Tmnsactions,  vol.  xviii.  p.  948),  lie  says: 

"^  With  the  most  volatile  coals,  there  is  no  sensible  loaa  of  weight 
duo  to  driving  off  tho  volatile  matter  under  a  temperature  of  380° 
Fahr.f  and  with  anthracite  coal  ihcre  is  no  sensible  loss  under  a  tem- 
perature of  700"  Fahr." 


W.  K- 
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For  comparing  the  proximate  analyses  of  different  coals  it  is  desir- 
able that  they  should  l^c  reported  in  a  uniform  style.  The  four  con- 
stituents determined  by  heating  iu  a  crucible  should  be  given,  and 
their  sum  should  equal  100  per  cent.  When  sulphur  is  determined  it 
should  bo  stated  separately,  and  it  should  not  he  subtracted  from  the 
fixed  carbon  and  the  volatile  matter  (half  from  each  as  is  the  custom  of 
somochemiHts,  or  0.4  from  one  and  0.6  from  the  other,  as  is  the  custom 
of  others),  since  itcannot  he  known  what  proportion  of  snlphnr  escapes 
from  tliecnifihle  with  the  volatile  matterand  what  proportion  is  burned 
with  the  fixed  carbon.  The  carbon  ratio,  that  is,  the  ratio  of  fixed  I'ar- 
bon  to  volatile  matter,  should  uUo  ho  slated,  preferably  as  percentages 

*For  Bciuntiflc  inreDti^'atWns  il  wliicli  cxtrftnA  nccnrtcy  in  Am\nA,  iba 
•itthor  would  KuggeKl  ibftt  the  cost  Iw  drii-il  iu  lui  KliutMiplivre  of  oJtrogVD,  lo 
avoid  oxidfttioD,  aod  (hat  tite  uioiMture  <lrivi;ii  off  \>e  absorbed  bv  cbloridv  of  cal- 
ciuiii  ami  wt-iffljed.  Tlin  liissof  Kt!if;bt  l>y  tliftcoM  nlinitld  iMjunl  tii«gaio  of  wuight 
\)j  ibe  cbloridt;  of  calcium  if  do  volaijlu  uiatter  is  driven  off. 
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of  tlieirsum.  thua:  40  per  cent  volatile  matter,  60  per  cent  fixed  car- 
buu.  which  is  equivalent  to  a  carbon  ratio  of  \\. 

The  proxiniHte  analysis  is  a  most  valuable  moans  of  identifying  the 
geneml  uhuracier  of  the  coal.  Fii-at,  the  anioimt  of  volatile  matter, 
cxpruSDed  as  a  iiercentage  uf  the  combustible,  distinguishes  between 
tlieuiithrucitc,  the  semi-bit  UTiiiiiour;.  aiul  the  bituminous  coals.  Sveoud, 
among  the  bituminons  coals  the  moisture  is  an  important  guide  to  the 
character  of  the  coal.  Third,  the  aah  is  also  n  criterion  of  the  coal's 
value.  Fourth,  the  sulphur  tnkon  in  connection  with  the  ash  is  also 
an  indication  of  the  value  of  the  fuel,  as  high  sulphur  generally  is 
found  in  a  coal  which  clinkers  iMully.  and  with  which  It  is  difticult  to 
obtain  the  rated  capacity  of  a  boiler. 

w.  K. 

Appendix  XV. 

DETERMIKATIOX   OF  THE    HOIbTURE   IX   THB   BTEAM. 

The  throttling  steam  calorimeter,  ttrst  described  by  IVofessor  Pea* 
body  in  the  Transactions  vol.  x.  page  3iJ7,  and  its  nioditlcations  by 
Mr.  Barrus,  vol.  xi.  page  790;  vol.  ivii,  pago*H7;  and  by  l*rofei«or 
C'ar[>euier.  vol.  xii.  pageH4();  also  the  separating  calorimeter  dei^igned 
by  l^rofi'ssor  Carpenter,  vol.  xvii.  iwtge  tiOH ;  which  instrumenta  are 
nse<i  to  determine  the  moisture  existing  in  a  nmall  sample  uf  steam 
takeu  from  the  steam-pipe,  give  results,  when  properly  handled,  which 
may  be  accepted  as  accurate  within  0.5  per  cent  (this  pcrcoutago 
being  computed  ou  the  total  quantity  of  the  steam)  for  the  sample 
taken.  The  possible  error  of  0.5  jwr  rent  is  the  aggregate  of  the 
probable  error  of  careful  observation,  and  of  the  errors  due  to  inaccur- 
acy of  the  pre«sure-gaugcs  and  thermometers,  to  ra<]iation,  and,  in  the 
case  of  the  throttling-calorimetcr,  to  the  passible  inaccuracy  of  the 
figure  0.48  for  the  specific  heat  of  superheated  steam,  which  is  used 
in  computing  the  results.  It  is,  however,  by  no  ineaus  certain  that 
the  sample  repreieuts  the  average  quality  of  the  steam  in  the  pifie 
from  which  the  sample  is  taken.  The  practical  impossibility  of  ob- 
taining an  accurate  sample,  especially  wtieu  the  percentage  of  moist- 
ure exceeds  two  or  three  per  cent,  is  shown  in  the  two  pajiers  by  Pro- 
feawr  Jacobus  in  Transactions,  vol.  xvi.  pages  448,  1017. 

In  trials  of  the  ordinary  forms  of  horizontal  shell  and  of  water- 
tube  boilers^  in  wliicli  there  is  a  large  disengaging  surface,  when  the 
xvalvr-level  is  carried  at  least  10  inches  below  the  level  of  the  steam 
outlet,  and  when  the  water  is  not  of  a  character  to  cause  foaming,  and 
when  in  the  case  of  water-tube  boilers  the  steam  outU't  is  phtced  in  the 
rear  of  the  middle  of  the  length  of  the  water-drum,  the  maximum 
quantity  of  moisture  in  the  steam  rarely,  if  ever,  exceeds  two  [ler  cent; 
and  in  snch  cases  a  sample  taken  with  the  precautions  B|>ecif)ed  in 
Article  XIII.  of  the  Code  may  be  considered  to  be  an  accurate  average 
sample  of  the  steam  furnished  by  the  lioiler,  and  its  percentage  of 
moisture  as  determined  by  the  throttling  or  separating  calorimeter 


may  be  considered  as  accurate  witliin  one-haJf  uf  one  percent.  For 
scifiililii;  reaearcli,  ami  in  all  caaea  in  whin-li  there  is  reuaoH  to  siispoot 
thill  the  nioitituru  iuil)'  I'XceL'd  iwu  [H^r  cent,  u  ^tt^ani  lieparator  should 
be  placed  in  the  8tfam-|>ipo.  at;  near  to  the  steatii  otnlet  of  the  boiler 
a&  <^'ouveiiient.  well  corereil  with  fetticg,  all  the  ^team  made  by  the 
boiler  paHining  throiigli  it,  aud  alt  the  moisture  caught  by  it  carefully 
weighed  after  being  cooled.  A  convenient  method  of  obtaining  the 
weight  of  the  drip  from  the  separator  \a  to  diHcharge  it  througli  u  trap 
into  a  barrel  of  cold  water  standing  on  a  platform  scale.  A  throttling 
or  u  separating  t'alorinicter  should  be  ])lacei)  in  the  steam-pifve,  jiigt 
ln;\ond  tlie  steiini  W'purator,  for  the  purpose  of  determining,  by  the 
sampling  nietliud,  the  sniuU  [lert-uiituge  of  tnoiijlure  which  may  Btill  Iw 
in  the  [iteiLin  after  passing  through  the  separator. 

The  forniDia  for  caleiilnting  the  peruenlage  of  moisture  when  the 
throttling  calorimeter  i.-i  used  is  the  following: 


k 


«»=100  X 


ff-h~k{T~t) 


m  which  ro  =  percentage  of  moisture  in  the  steam,  /7=  total  heat, 
and  L  =  latent  beat  per  pound  of  steam  at  the  pressure  in  the  steam- 
pipe,  h  ~  tolJiI  heat  )H>r  pound  of  steam  at  the  pressure  in  the  dis- 
charge side  of  the  calorimeter,  k  ^  specific  heat  uf  superheated  steam, 
T=  temperature  of  the  throttled  and  fluperhealed  steam  in  the  <-«lo- 
rtmeter,  and  /  =  temperature  due  to  the  prcRturo  in  the  discliargo  side 
of  the  cftlorimeter,  =  212"  Fabr.,  at  atmoapheric  pressure.  Takiug 
k  =  0.4.H  aud  t  =  212,  the  formula  reduces  to 


»=  lOOx 


i/- 1146.6 -0.48(r-  2ia) 


W.  K. 


Appendix  XVT. 
corneotiok  fob  radiation  fkom  tnrottuno  calobiueters. 

The  formultc  usually  giveu  for  determining  moisture  in  a  tbrot- 

tling  calorimeter,  includiug  that  given  above  by  Mr.  Kent,  makes  no 
allowance  for  radiation  from  the  exterior  surfaces  of  the  instrument.  It 
is  true  that  this  allowance  is  small  and  does  not  affect  tlie  results  but 
a  small  fniction  of  1  percent;  but  it  nevertheless  exists,  and  sltould 
properly  be  taken  into  account.  In  my  own  work  I  have  found  that 
thera<liatioD  reduces  the  temperature  of  the  wire-drawn  Bteun  some  six 
degrees,  and  this  represents  about  0.'.\  of  1  per  nent  of  moisture.  My 
practice  is  to  allow  for  the  radiation  by  deterraiuing  the  normal  for 
the  instrument,  as  descrihied  in  Appendix  XVH. 

It  shonld  be  noted  here  that  this  normal  ran  bo  reaifily  determined 
when  the  calorimeter  is  attached  to  a  horizontal  section  of  the  steam- 
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pipe,  and  the  condensing  snrfaco  immediately  above  the  sampliiig-pipfl 
is  thng  reduced  to  a  minimum. 

0.  H.  B. 

Afi'bkuis    XVn. 

COVBIXED  CAI.OBIMETBR  ANI>  SliPARATOB. 

The  form  of  etoam  calorimeter  which  the  writer  uses  is  termed 
the  "1890  pjittcro  "  universal  steiwn  cidorimetcr,  and  is  a  mocUfic-ation 
of  the  one  described  in  the  Tnintiactions,  vol.  xi.  page  790.  It  is  illus- 
triited  iu  the  accompanying  cut,  Fig.  Ill,  which  is  reprinted  froui  page 
G18,  Tol.  xrii.  in  the  Trans- 
it coii8i8t«  of  a  throt- 
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actions. 

tling  culorinieter  and  Bepsira^  ^ 
tor  combined,  the  lutUr  boang  | 
attiirhrd  to  iho  onili?!,  where 
tbe  sti'ani  of  alnntspheric  pres- 
sure iH  t';«*aping.  If  the 
inoiijtnru  \a  too  groal  to  be  de- 
termined by  the  reiidiiigtt  of 
the  two  tl)crmoM)eterc<,  the 
separator  catcher  the  balance, 
and  the  total  qnautity  of 
moistun^  \*  uitulc  up  in  {lart  of 
tJiat  jihown  by  Lbu  tlieruiome- 
tcra,  and  in  part  of  l)iat  col- 
lected from  tilt'  SL'panitur.  The 
])ercentjige  of  moisture  sliowu 
by   the   thermometers  is    ob-  ^^^-  III.— Steam  CAijjniJfimtK. 

taincd  by  n-ferring  the  indJL'aiion  of  the  lower  thermometer  to  the  nor- 
mal reading  of  that  thermometer  with  dry  steam,  and  dividing  the  fidl 
of  temperature  by  the  coiistjint  of  the  inatrument  for  one  per  cent  of 
moistnre.  The  normal  muling  is  determined  by  obaer\*ing  the  indi- 
cations wlien  8te.im  in  tlu*  main  pi^w  is  iu  a  quiescent  state,  and  the 
constimt  is  a  quantity  varying  from  21"  at  80  pounds  pressure  to  20" 
at  'J(tO  pomids  pressure.  The  pemenlagc  of  moisture,  if  any,  dis- 
f-liargnd  from  the  seimrator,  if-  found  by  dividing  its  quantity  corrected 
fnr  radiation  by  the  total  qnuntity  of  steam  imd  wnter  passing  through 
tlie  intitrumeut  in  the  same  limo,  aa  a^icertaiued  by  experiment,  and 
multiplying  the  result  by  lOO. 

0.  n.  B. 

Appendix   XVIII. 

C0BHKCT10N8   FOR   QCALITT   OP  STEAW. 

Given  the  percentage  of  moisture  or  number  of  degrees  of  super- 
heating, it  is  (lestnible  to  develop  formulae  showing  what  we  have 
termed  *■  the  fiu^tor  of  correction  for  quality  of  steam,"  or  the  factor 
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by  which  the  "  apparent  ovanonition  "  determined  by  a  boilor-teat  is 
to  hi'  multiplied  to  obtain  i\w  " pvaporation  correctiMl  for  <]uality  of 
3am."  Il  li»^  Ik.h.ml  {'tiKtoiiuirv  t<»  call  the  pruporLiunal  wt>ight  uf 
in  .1  mixture  of  sttvtm  anil  w:iter  *' the  qniility  of  the  steiim,'' 
ifl  it  iH  not  deairuble  to  change  this  dwignahon.  The  wime  term 
iippliej*  when  the  stiaim  is  miperluuited,  by  ftnij)Ioying  the  "  e<|niYiiIent 
evajHirution,"  or  that  obtained  by  adding  to  the  aofual  evaporation 
the  pniportioiial  weight  of  walttr  whU-h  the  thermal  value  of  the 
auperheiitinj;  wuiiM  evaptfrate  into  dry  steam  fmm  and  at  the  tem- 
peraturt*  diu-  to  the  pretituro.  "The  factor  of  enrrt't-liori  for  quality 
of  ateam"  in  a  boiler-test  differs  from  the  "  (jnality  *' itself,  from  the 
fact  that  the  temix-raturo  uf  the  feod-wator  is  lower  than  that  of  the 
steam. 

Let  Q  =  quality  of  moist  steam  as  described  above; 

Q^  —  the  qnality  of  snperheated  steam  an  described  above; 

/*  =  the  proportion  nf  moisture  in  Itie  steam; 

k  =  the  number  of  di'p'eeK  of  superheating; 

F  =  the  fiK^Uir  of  i»irn>(tion    for  the  qnality  of  the  steam 

when  the  i)ie:tm  is  nioirt; 
J*^  =  the  factor  <if  r<;rre(*liuu   for   the  quality  of  the  eteam 

wlien  the  ttteurn  i;?  ^uperheati-ii; 
H  —  the  total  beat  of  the  stttani  due  to  the  Bteum-])re^ure; 
L  =  the  latent  heat  uf  tbe  »teivm  due  to  the  i^teuni-prciiaure; 
T  =  the  temperature  of  the  steum  due  to  the  steam-preemm; 
T^  =  the  total  heat  in  the  water  at  the  temperature  due  to 

the  sleani-presKure;* 
J  =  the  temperature  of  the  feed-water; 
J.  —  the  total  heat  in  the  feed-water  due  to  the  temperature.* 
Therefore,  for  moiet  steam : 

Q^l  -P, (1) 

P-=  I  ~Q (8) 

Q  +  P^l (3) 

See  also  equation  (6). 

With  both  the  condensing  and  throttling  calorimeters  the  water 
and  ftnam  aVt>  withdmwn  from  the  boiler  at  the  tempemture  of  the 
Steam,  and  with  a  R-purator  the  water  can  only  be  acciirately  measured 
when  under  pn^sure.  so  that  the  difference  between  the  steam  and 
the  un>islnre  in  the  steam,  as  they  leave  the  boib-r.  is  dimply  that  the 
former  baa  received  the  latent  heat  due  to  the  prcsisurc  and  the  latter 
lias  not.     There  is,  however,  imparted  to  the  water  in  the  boiler,  not 

■Mont  Ublrsof  lh«  |irn|M>rtii'A  of  nl  earn  and  of  wrUt  iirr  linscd  im  tlie  t<iUiI 
heat  nf  Ht«aui  aud  witter  above  H'i  deeTct"*  Fnbr.  For  sucli  tablrs  tli«  total  lieai 
In  tlie  wat«<r  at  a  ^vrn  temperature  la  e<|iial  approxlmatHty  to  Oie  rurrPKiiunding 
tAiDperaturo  niinun  S3  deirrees,  Kxact  valitpa  should,  however,  Im  taken  from 
Ibe  tables. 
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ouly  the  lutent  hcut  iii  the  portion  cvaporati;d,  but  blii.*  sensible  heat 
due  to  raising  the  tcmj>urat«ro  of  all  the  wuter  from  that  of  the  feeJ- 
water  to  that  of  the  eteiini  (hu:  to  the  prt'esure. 

In  t-qtiutioii  (3)  thu  pruporlioual  purt  y  reueivoe  from  the  boiler 
'both  tlie  fieusible  and  the  luli'tit  heat,  or  tliu  tutul  lit'at  abtivL>  the 
temperature  of  the  feed  =  Q[II  —  */,)  therumi  units,  and  tlio  part  P 
tlie  difference  in  eeusiblo  he«t  between  the  temperatures  of  the  titeani 
and  of  Ihc  feed-water  =  P{T^  —  J,)  thermal  units.  If  all  the  water 
were  evaporated,  each  pound  would  receive  the  total  boat  in  the  steam 
above  the  temperature  of  the  feed,  or  J£  —  J^,  "The  factor  of  cor- 
rection for  the  quality  of  the  steam,"  when  there  is  no  enperheating, 
is  therefore 


^~  H^rj^ ~  ^ -^  ^[W^^^J-  • 


(4) 


r 


The  superheating  of  the  steam  requires  0.48  of  a  thermal  unit- for 
«uch  degree  tkie  temperature  of  the  sloum  ie  raised,  so  for  X:  degrees 
of  superheating  theri*  will  he  t).-l8j(-  thermal  units  per  pound  weight 
of  steam  and  the  "  fat^tur  of  tiorrection  for  tho  quality  of  the  gtoam" 
with  superheating. 


J^i  = 


H~.r. 


=  1  + 


0.48^ 


H-j; 


(«) 


See  also  equation  (7). 

With  the  throttling  calorimeter  the  percentage  of  moisture  7*,  or 
number  of  degrees  of  superheating,  are  determined  as  explained  in 
AppeudicuB  XV  and  XVI. 

Since  thv  invention  of  the  throttling  calorimeter  (Appendix  XV) 
the  use  of  tliL'  original  condensing,  or  so-calleil  barrel,  calorimeter  is 
no  loiigL'r  wurruntt-d.  Accunit*  retiiiUs  should,  however,  bo  obtjiincd 
by  coiuiensing  all  the  steatn  generated  in  the  boiler  and  this  plan  has 
been  followed  in  oortain  caecfl.  It  has,  therefore,  been  thought  desir- 
able to  add  other  formulae  applicable  to  condensing  culorimetera. 
The  following  a^lditionul  notation  ie  required: 
H'=tho  original  wt-ight  of  the  water  in  calorimeter^  or  weight  o(" 

circulating  water  for  a  surface-condenRer; 
or  =  the  weight  of  water  addo<l  to  the  calorimeter  by  blowing  steam 
into  the  water,  or  of  "  water  of  condensation  "'  with  a  i^iirfaoe- 
condeufter; 
/  =  total  heat  of  water  corrtispondlug  to   iuitial 

water  in  ctdorimeter; 
/,  =  total    heat   of  water   correapouding   to   final 
calorimeter; 
Evidently,  then: 
W{t^  —  ^)  =  the  total  thermal  units  withdrawn  from  the  boiler  and 
imparted  to  the  water  in  (»lorimeter; 


tempeniture  of 
temperature   in 


SfiS 
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yt'  

—  (/,  —  /)  =  the  thormal  units  por  pound  of  water  withdrawn  from 

Iho  btiiltT  and  imparttnl  t«  IIh?  water  in  calorimeter,  from  which 
should  Im*  dixhicttN]  7*,  —  /,  to  obtain  the  number  of  thomial 
tmitM  \wr  jioiind  of  wutcr  withdntwn  from  the  boiler  at  the 
pnviuiurp  du(*  to  (lit;  tt'niiH'rature  T. 

Sinc'f^  only  tho  latent  h«ttt  L  is  iiiipartiHl  tn  the  portion  of  the 
water  pvapomtod,  the  quality  Q,  or  proportional  rjuaiitity  evaporated, 
may  bo  obtained  by  dividing  the  total  thermal  units  per  jwnnd  of 
water  abt)tracti>d  at  the  pressure  duo  to  tho  temperature  T  by  the 
Ifttout  heat  L.    Ueuco, 


Ganav,  =  l[I^(/, -/)-(r,-o].   . 


(6) 


Tho  value  Q  applies  when  the  i»e<'ond  term  Is  leas  than  nnity;  P 
may  be  derivenl  therefrom  by  subatitutJou  in  equation  {'i)  and  F  from 
equation  (4). 

Q,  applies  when  the  second  term  of  the  above  eqn&tion  is  greater 
tltnn  unitv,  wUieli  shows  that  the  steam  is  superheated,  and^  as  In  this 
c:we.  tlie  bleating  vuhio  of  the  superheat  has  already  been  measured 
by  heating  the  watc-r  of  the  calorimeter;  the  proportional  thermal 
value  of  the  eanie,  in  terms  nf  tho  latent  heat  L,  is  represented 
direi^tly  by  Q^  —  1,  and  wo  have  m  the  factor  of  correction  for  the 
quality  of  tho  steam  with  saperheutlng: 

See  also  equation  (5). 

When  tho  quality  is  greater  than  1,  or  equals  Q^,  the  nnmber  of 
degreee  of  superheating: 


'=^i^--«- 


0SS3HQ,  -  1). 


(8) 


0.  E.  B. 


Appendix  XIX. 

THE  QCALITT   OF  SUPERHEATED   STKAII. 

The  quality  of  the  Rnporheated   steam  is   determined  from   the 
muubur  of  degrees  of  snjHjrheating  by  using  tho  following  formnla: 

X+Q.48(r-0 

^-  Z  ' 

tn  which  L  is  the  Uienl  heal  in  Uritish  thermal  unite  in  one  pound 
ol  stewn  of  the  observed  pr(!«snre;  Tthe  observed  tomperature,  and 
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i  tho  norma)  temperature  due  to  the  proi(£ure.  This  iionnal  tempera- 
ture shouhl  l>e  tli'tennnipti  by  obtaining  a  rmwling  of  the  thcrmomoter 
wlien  the  fires  are  iii  a  liead  <^'oiiclition  an*)  the  siijiprheiit  hiw  dis- 
appeareil;  this  temperiiture  being  obaened  when  the  prpssure  ag 
shown  bv  the  gauge  is  the  average  of  the  readings  takt>n  during  the 
trial,  dhservations  being  madt*  bv  the  eanie  inslntnieutj  errors  uf 
gauge  or  thermometer  are  pructically  elimiuated. 

0.  n.  D. 

Appendix  XX. 

XF7ICIENCY   OF   THE   BOILKR. 

The  effloiencf  of  the  boiler,  not  inclnding  the  grate  (or  the 
effioionoy  bn^ed  upon  mrnhnstiblo)  i^  a  mnre  acrnrato  meaBuro  of 
com(Mirison  nf  iHfferent  Imilers  than  the  efficiency  innlnding  the  gntto 
(or  the  efficiency  baaed  npon  coal);  fi)r  the  latter  is  subject  to  a 
numb(>r  of  variable  conditionis  such  a*  size  and  character  of  the  coal, 
air-spaces  between  the  grate-bar^  skill  of  the  fireuian  in  saving  coal 
from  falling  through  the  grate,  etc.  It  is,  moreover,  subject  to  errors 
of  santpling  the  (joal  for  drying  and  for  analysis,  which  affect  the 
result  to  a  gn^ater  degree  than  they  do  the  efficiency  based  upon  com- 
bustible, fur  the  reason  that  the  heating  value  per  pound  of  combusti- 
ble of  any  sample  eelected  from  a  given  lot.  stieh  as  a  car-loafl,  of  coal 
is  practically  u  constant  quantity  and  is  indei>endent  of  the  percentage 
of  moisture  and  ash  in  the  fuimple;  while  the  samplu  itself,  upon  the 
heating  value  of  which  the  efficiency  based  ou  coal  is  calculated,  may 
differ  in  it«  percentage  of  moisture  and  ash  from  tho  average  coal 
U8e<i  in  the  boilor-tost. 

When  the  object  of  a  boiler-test  is  to  determine  its  efficiency  as 
an  absorber  i>f  heal,  or  to  compare  it  with  other  boilers,  the  efficiency 
based  on  combustible  is  the  one  wbieh  should  be  used;  but  when  the 
object  of  the  teat  is  tct  determine  the  efficiency  of  the  combination  of 
the  boiler,  the  furnace,  and  the  grate^  the  efliciency  based  on  coal 
must  necessarily  be  used. 

W.  K. 

Appendix  XXI. 

niSTRIBUTlOy   OP  TUB   HEATING    TALUS   OP  THB   FUEL. 

In  the  oper&tion  of  a  steam-boiler  the  following  distribution  of  the 
total  heating  value  of  the  fnd  takes  place: 

1.  Loss  uf  coal  or  cuke  through  the  grate. 

2.  I'nburned  coal  or  coko  carried  iu  the  shape  of  dust  or  sparks 
beyond  the  bridgo-wall. 

3.  Healing  to  212°  the  moisture  In  the  coal,  evaporating  it  at  that 
temperature,  and  e%'aporatiug  the  steam  made  from  it  to  the  tem- 
perature of  the  flue-gases,  =  weight  of  the  moisture  in  pounds 
X  [(213' -0+966H-0-48(7'-^l%  in  which  7*  ia  the  tempera- 
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turc  (Fabr.)  of  the  flue-gases  and  /  the  lemperatare  of  the  exteriml 
air. 

■1.  Loss  of  boat  due  to  steam  which  is  formed  tiv  Imrning  the 
hydrogcu  contaiuL'd  in  the  t-ual,  aud  which  niwsts  into  tht^  {-hiinncy 
as  superheated  steum,  —  i^  times  the  weight  uf  the  hydrogen 
X  [(2ia  -  /)  +  Hf;«5  H-  O.-tB^r  -  213)]. 

5.  SiijKTlii-jiting  the  moiBture  in  tlic  nir  siiiiplierl  (u  tiie  fnriiutt? 
to   the  temperature   of  the   tluc-gascs^  —  weight    of  the   moisture 

X  o.48(  T  -  ty 

6.  Heating  of  the  gftseoHB  products  of  combustion  (not  including 
steam)  to  the  toniperature  of  tne  Rue,  =  their  weight  x  0.24(7*  —  0- 

7.  I^aa  due  to  imperfect  huming  of  the  carbon  of  the  coal  and  to 
nou-buniing  of  the  volutile  gHiies. 

8.  lladijitictn  fnim  the  hoiler  and  fnmnce. 

9.  Heat  ahuorbed  by  the  hniler,  or  useful  work. 

Item  I  depends  upon  tlie  size  of  the  j!|HU'eB  between  the  grate- 
hin»;  uiion  the  kind  of  grate,  ub  ii  phiiii,  shaking,  or  tnivelliug  grate; 
upon  the  size  of  t]ie  eoul;  upon  the  churueler  of  the  coal,  as  it 
requires  to  he  more  or  Ivim  distributed  ou  the  grate  in  order  to  get  a 
sumcient  supply  of  air  through  it;  upon  the  rate  of  driving  of  the 
furnace,  nipiu  driving  with  some  coals  requiring  more  frequent  shak- 
ing or  uleaiiiug  of  liie  grsite  than  slow  driving;  and  upon  the  skill  of 
the  flroman. 

Item  'i  depends  npou  the  nature  and  fineness  of  the  coal  and  upor 
the  force  of  tlie  draft.  It  is  ut>U!illy  t>o  t-niall  us  to  ho  inappret'iuhle 
in  its  effert  upon  the  results  of  the  trial  of  a  st^itionary  boiler  driven 
with  natural  draft,  hut  in  locomotives,  with  rapid  rates  of  combus- 
tion, it  often  hecomes  quite  important. 

Item  'A  depends  upon  the  amount  of  moisture  in  the  coal. 

Item  4  tlei)eiiils  upon  the  iimount  uf  liydrogen  in  the  coal. 

Item  Tv  depends  u|i()n  the  anioiint  of  nioitsture  in  the  air.  Tho 
nioisiture  in  the  u,ir  iiuiv  he  obtained  from  its  temivemture  and  relative 
humidity,  as  ucteraiinrd  by  a  wet-and-dry-bulh  thermometer,  by 
referentie  to  hygntuu'tric  tahlej^.  The  loss  nf  heat  due  to  the  moiflturo 
in  the  air  will  rarely  e\r;i>ed  O.'^.")  iwr  ceut  of  tlte  heating  value  of  the 
fuel,  and  it  may  usually,  then-fore,  be  neglected. 

Item  ii  di'penilH  eliiufly  upon  the  type  and  proportions  of  the 
boiler,  and  upon  the  rate  at  which  it  is  driven.  This  item  is  usually 
the  largest  of  all  the  Iieat-losses. 

Items  3,  4.  S,  and  <j  depend  also  on  tho  temperature  of  tho  flue- 
gases. 

Item  7  depends  npnn  the  rharacteT  of  the  coal  and  of  the  furnace, 
and  upon  the  nkill  of  the  firemen.     This  loss  may  he  very  large,  ;*0 

S>er  cent  or  mori>  i»f  the  heating  value  of  tho  coal,  when    highly 
lituminous  coals  are  nsod  in  a  furnaL'O  not  adapted  to  them. 

Item  S  depend**  chiefly  upon  tho  type,  size,  and  setting  of  the 
boiler,  and.  when  expressed  as  a  percentage  of  the  total  heat  of  the 
fuel,  npon  the  rate  at  which  it  ia  driven. 
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Item  ')  l»  the  ht>iit  abti(>rbi;d  !>}'  ihu  boik-r,  i>r  tliu  UMvfiil  work,  tt 
IB  also  the  diffi-reiirc  botwi-oii  the  total  heating  value  of  the  coal  and 
the  fitim  of  the  losses  of  items  1  to  8  iuclusivo. 

w.  K. 


Ai'i'Esi>ix  XXV. 

W8CREPANCT   BEnVEES   COMMEHCUL  AKI>    EXPEBIMENTAL  RGfiULTS. 

Thp  final  reenlt  sought  by  maTiiifacturers,  in  initiating  teats  of 
etcam  or  other  niuchinerv  in  actual  iiw,  is  tlip  valiif  of  tlie  work  done 
nieat>tir(Ml  in  dollafA  and  ccntif.  In  somo  rasc^  thf  broad  qnf'»tioii  is 
nii^ed  tm  to  the  i^aving  that  may  1k'  a4T4-oni]>1i)!'h<-d  by  inotalting 
improved  boiliTf,  ctipine'y.  or  olln-r  uiuchincry :  but  nH)r('  ^pucrally  it. 
is  desired  to  aiiccrtain  what  can  U-  don«  to  prodncw  Kiving  with  tho 
HppanituH  alrpa^ly  in  placi-  uikUt  (he  aetnal  conditions  tliat  prevail  at 
the  pjirticniar  location.  In  both  theso  cases  it  is  iieeensarj-  t4)  ascer- 
tain tliH  average  eost  nf  the  W(»rk  dune  eoninu-rcially  i>ri'\iniis  to  tho 
lest.  Frcc|iiently.  in  fact  generally,  this  important  fuvt  will  tiot  be 
Hticertaiiicd  by  iiu  chiborate  trial,  for  the  rnisou  that  everything  will 
bo  put  in  urdiT  fur  the  te*t,  and  all  details  of  the  triiil  be  conducted 
fto  carefully  that  the  lost^en  duo  to  average  carelesf^ness  ur  want  of  (*kiU 
in  the  jMif'i  will  be  I'liminated,  tho  engineer  making  the  test  will  nut 
receive  proper  rredit,  and  tho  owners  on  seeing  the  rej^ort  may  oon- 
eludo  that  tliev  are  already  doing  very  well,  and  perhaps  continue  old 
nii'thoi|»  with  faneied  socnirity.  If  the  eost  of  the  output  of  the  fac- 
tory for  ft  jriven  time  were  ascertained  in  terms  of  tho  eoal  burned 
dnring  the  same  time,  and  com|>areil  with  the  rorresjimiding  eosl  for 
the  time  of  the  trial,  the  latter  wcudd  frequi-ntly  la*  found  to  bo  one- 
eighth  to  one-third  lens  than  tlie  former,  anil  it  might  not  bo  pofsltile 
to  tell  what  had  cauHod  the  dUTereuce;  f<jr  instani?e,  whether  it  wa« 
dne  to  putting  in  onler  the  maehiuery  prior  to  the  te.-its,  to  greater 
earp  oxereised  by  the  ilreman  under  the  i<pur  of  earefiil  watching,  iir 
whether.  \i»  U  usually  elaimed,  the  coal  wjts  difTercnt,  eU;.,  etc.  The 
losses  are  generally  tluo  in  the  main  to  the  careleivneaa  of  the  firemen. 
It  follows,  therefore,  that  the  cost  of  the  power  under  average  eondi- 
tioui*  lnu^t  be  obtained  in  some  quiet  way  preliminarily.  Frequently 
the  eomparifMui  of  the  ontpnt  of  the  faetorv-  with  the  eoal  burned  will 
not  bt-  suffioiently  aeeun»le,  and  it  will  be  necessary  to  devijH;  somu 
corresponding  ehc?ck  which  will  not  interfere  will)  the  regular  routine 
of  the  establishmpnt.  The  work  of  the  boilerji  nniy  be  checked  by 
arranging  a  meter  so  as  to  ccfiitiniioiislv  measure  tho  fer-d-water;  and 
its  roeoni,  compared  with  the  total  weight  of  eojil  pifrchasfd,^\[\  fre- 
quently give  the  check  desired.  Such  a  chec-k  becomes  more  ditlicult 
M'lien  it  is  desirable  to  ascertain  the  performances  of  particnlar 
boilers,  and  the  eojil-mipply  is  ronmion  (o  »11  boilers;  but  hy  as*iigiiing 
particular  weighed  car-]n!wln  of  coal  to  tlio  partic^ular  l»>ilei's,  without 
any  intimation  to  the  Girnnm  that  they  are  being  watche<l.  it  may  be 
possihle  to  ascertain  the  average  porformaneo  of  tho  boilers  used  for 
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the  particiilar  purpose.  Preliminarj-  experiments  of  this  kind  con- 
ductotl  without  Tiotife  to  emp]oy68,  and  oontinued  through  a  loQif 
poriiid,  wilt  tiirnish  a  basis  Tor  c<im|iiiri8on  with  ehihorate  testa,  and  it 
will  tlie^ii  hv  pu^stbk'  tu  point  out  clearly  whero  ilm  ^t-veml  losses  hava 
tfikfu  place,  and  the  testing  ongiucer  wUl  gut  the  credit  for  tbu  saving 
shown. 

C.  K.  K. 

Appendix  XXVI. 

RBCORniNC.    STEAM-OAIUK. 

A    good     recording    stiiain-gaugc,    EUtua'a    or    other,   carcfullj 
adjuste*],  should  by  useil  and  accumtoly  compared  with  the  stcum* 


IT 
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PlO.  119.— I'-TrHK  UbAPT-OAUOK,      FiU.  118.— BA«KC9'S   DHArT.OAUOB,    WTTH 

HAi.r  t'izK.  Maamtikd  Readinos, 

gaage  at  stated  iutervals.    Sncli  an  Automatic  record,  nicely  integratod^ 
ii  a  good  check  on  the  record  of  the  Hteani-gimguH. 

J.  O.  H. 

Appendix  XXIX. 

nUAFT-OACaB. 

The  ordinary  form  of  draft-gauge,  consiKtiug  of  the  IT  tulw  (Fig. 
112),  containing  water,  larkH  st'usitivenesa  when  used  for  niposuring 
small  quuntitica  uf  draft.     .\u  instrument  which  thf  writer  ha«  used 
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satisrfactorily  for  h  nnmber  of  yeara  multiplies  the  ordinary  indioations 
Hi)  many  timei^  as  de^iirmL  It  euuttiMt^  of  a  I'  tntte  niado  of  j-in.  glass, 
aurmuiinted  by  two  largur  tubct!,  or  eharnbfru,  having  a  diameter  of 
3i  ins.,  as  shown  in  Fig.  Il.'J.  Two  difTcrcnt  liquids  which  will  not 
mix,  and  which  are  of  different  cwlor,  are  use-i,  one  ocenpying  the 
portiim  Alt,  and  the  other  tlie  jwrtion  liVD.  The  movement  of  the 
line  of  deiiiarcHtiftn  is  j)rnporllonal  to  the  difference  in  the  areas  of 
the  rhamlxtrg  and  of  the  l*  tube  below.  The  Hfjuids  generiilly 
cmplovt'd  are  alriihol  rolori'd  red  nnd  a  (-ertHin  gnwlo  of  Inbriwiting 
uil.  A  iniiIti|>li('atiou  varying  from  eight  to  ten  times  is  obtained 
under  thysw  cirL-unintanfej*:  in  other  words,  with  i-in.  draft  the  movo- 
luent  of  the  Xn\v:  of  deimtrcutiou  )»  some  'i  ins. 

Thu   instrument   is   calibrated  by  reftrriiig   it   to   thd  ordinary 
U-tube  gaugtf. 

o.  H.  B. 

Api*j:kd]x  XXX. 

DBAFT-OAUOR. 

The  occompanying  ftketeh  (Fig.  114)  represents  a  very  sensitiTo 
and  ftccnrate  draft-gango  recontty  constructed  by  the  writer.  A  light 
cylindrical  tin  <!an  A,  A  ins.  diameter  and 
l>  InH.  high,  is  invertt«d  anil  susponded  inside 
of  a  can  Ji^  6  ins.  diameter.  0  ins.  hi^h,  by 
m«tns  of  a  long  helic^il  t^pring.  Ingidc  nf 
the  larger  can  a  ^-in.  tulw  is  placed,  with 
one  t'nd  just  Ir-Iow  the  level  of  tlip  iippyr 
edge,  white  the  other  eml  iMifties  through  a 
hole  cut  in  the  side  of  the  can,  v\iim  to  the 
bottom,  ftidder  Innng  runaruund  the  tube  so 
u  to  close  the  bole  and  make  the  can  water- 
tight. The  can  U  filknl  with  water  to  within 
about  half  an  inch  of  the  top.  and  tlie  inner 
cau  is  Bunpende'l  by  tin*  spi-inj;  so  that  its 
lower  edge  dipM  iutu  the  water,  the  height  of 
the  support  of  the  spring  being  adjusted 
accordingly. 

The  small  rnbe  being  open  at  both  ends, 
the  air  eneli>sed  in  the  can  ,1  is  at  atmns- 

{)herie  pres.^ure,  and  the  spring  is  extended 
ly  the  weight  of  the  can.  The  end  of  the 
tube  which  projert«  from  the  bottom  of  the 
CJin  Iw'ing   now  conncrled  by  means   of  a 

nibbcr  tube  with  a  tube  leading  into  the  flue,  or  other  chamber,  whom 
draft  or  suction  is  to  be  measured,  air  is  drawn  out  of  the  can  A  until 
the  preMure  of  tlie  remaining  air  is  the  same  as  that  of  the  Hue.  The 
external  atmosphere  prcitsing  on  the  top  of  the  can  A  causes  it  to  sink 
dec]>er  in  the  water,  extending  the  spring  until  its  increased  tension 


^ 


^ 
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jutit  balances  the  diJfercnco  of  the  opposing  vertical  preMitres  of  tho 

Air  iueidc*  und  oulsidu  of  the  can.  The  product  uf  tluD  difference  in 
pressure,  expreesed  u«  v.  decinwl  rruotiuu  of  u  pound  per  tiquare  inch, 
multipliid  t>v  the  inteiiml  area  of  the  eiin  in  c([UHre  inches,  ecpials  tho 
tenHion  of  the  t^Jlring  (ulmvc  thut  due  to  the  weiglit  of  the  cjlii)  in 
ponnda  or  fnictiou  of  it  jHiuud.  The  extension  of  »  helicAl  spring 
being  proportional  to  the  force  upplicd,  the  distRnce  trurelled  down- 
ward li^  the  can  A  uieiwure«  the  force  of  suction,  thut  \»,  i\\v  drnft. 
The  movement  of  the  cttu  may  eouvenientiv  be  mea^urHl  by  having  a 
celluloid  Boile  gra,du»lcd  to  5Uths  of  an  inch  faatened  to  the  side  of 
the  can  A.  und  a  fine  pointer  fixed  to  the  npper  edge  of  the  can  B, 
almotit  touching  the  scale. 

'J"o  reduce  the  remiings  of  the  Pi-aie  tn  their  etjulvaleuts  in  inches 
of  water-column,  a^  read  on  the  onliimry  L'-iiibe  gauge,  we  have  the 
following  formiilee: 

Let  J*  =  force  in  pounds  required  to  stretch  the  spring  1  in.; 

E  =  elongation  ()f  the  spring  in  inohes; 

A  ~  ares  of  the  inner  can  in  square*  inches; 

d  =  difference  in  pre!»riure  or  force  of  the  draft  in  pounds  per 
square  inch; 

D  =  differouce  in  prcBsuro  in  inches  of  water  =  27.71rf, 

EP  =  Ad  =  ~^j  =  0.03GUA 


/) - 


E  = 


27.71  EP 
A       ' 
0.0361  vl// 


The  last  equation  shows  that  for  a  constant  force  of  draft  tho 
elnngjttion  of  the  cpring  or  the  movement  of  the  cam  nuiv  be  ineniised 
by  increasiug  the  area  uf  the  can  or  by  deercasing  the  strength  of  tho 
spring.  The  strength  of  the  spring  may  be  increaseil,  that  is,  it« 
sensitiveneen  may  be  decreased,  by  increasing  either  its  length  or  the 
diameter  of  the  helix,  or  by  diKi-reasing  llie  diameter  of  the  wire  of 
which  it  ix  made.  We  thus  have  at  eoinniaiid  the  means  of  making 
the  ap{mmtus  of  anv  desired  degree  of  st^-usitivenefis. 

Applying  tho  above  fonnuUv,  let  it  be  recpiired  to  determine  the 
movement  of  the  can  eorrespouiling  to  a  dmft  of  1  in.  of  water- 
column,  the  can  A  having  a  diameter  of  5  ins.  =  10.53  iu&.  area,  and 
tho  spring  of  such  a  strength  that  U.l  lb.  elongates  it  1  in.  Here 
PssO.l;  -■!  =  X9.C3;  /)  =  1. 


S  = 


Q.036I  X  lg.63 
0.1 


=  7.09  inches. 


That  is,  the  instmmont  multiplies  the  reudinga  of  the  U  tube  7.00 
times.  The  precifion  of  the  instrument  is.  however,  far  greater  than 
this  figure  would  indicate;  for  in  the  I'  cube  it  is  exceedingly  dif1i(!ult 
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to  read  with  pri-c!ittion  the  diffcrcnoe  in  height  of  the  twu  iiiciiisiUr 
vhile  with  thiB  apparatus  rcadiuga  iu  the  Bcale  may  easily  be  made  to 
A  ill.,  which,  with  the  multiplic-ation  of  7,  is  eqiiivalont  to  ^^^  of  an 
im'h  of  watpr-{.H>lnmn.  The  iiiBtniment  may  also  be  oaliliraled  by 
directly  comparing  its  readings  with  those  of  au  ordinary  V-tube 
gauge. 

W.  K. 


Appendix  XXXI. 


8AMPUNO   FLUB'OASES. 


'Ffl 


Very  great  diversitios  in  tbo  composition  of  fluc-gaees  often  exist 
in  the  same  fliii?  at  the  i^nie  time.  To  obtain  a  fair  sample,  it  hae 
been  found  suiticient  to  have 
one  orifiee  to  draw  uti  gases 
through  for  eai.^h  25  sq.  ins.  of 
eross-seption  of  Hue.  The 
pipes  must  be  of  equal  diameter 
and  of  eqnal  length.  One- 
qnarter>in.  gju>-pipt*i;,  all  alike 
at  the  euuB,  and  of  e^jual 
lengths,  auc>wer  well.  Similar 
steel  tubes  will  be  still  tjettiT 
(because  smtwlher  and  more 
uniform).  These  should  be 
secured  in  a  box  or  blot^k  of 
gulvauizcil  sheet  iron,  equal  in 
thicknetw  to  one  wjurse  of 
brick,  in  such  a  manner  that 
the  open  ends  may  be  evenly 
dintribnted  over  the  area  of  the 
Hue  A  (Fig.  11.1).  and  their 
other  open  ends   enoktst-d   in 

the  receiver  B.     If  the  flue-  Fio.  115.— METBonoFflAsm-rao 

gages  he  drawn  off   from  the  Fi.ue-oapkb. 

receiver  B  by  four  tubes,  C'C.  into  a  mixing-box  D  beneath,  about 
3-in.  cube,  a  good  mixture  iran  be  obtained.  Two  such  "samplers," 
one  alKive  the  other  a  fout  apart,  iu  the  siirao  flue,  will  furnish  sampte« 
of  gases  which  show  by  analysis  the  same  composition. 

J.  c.  u. 


IbT 


The  writer  lias  made  oxteiisivo  nso  of  the  Or«»t  (ippftratus  in  h'la 
boilor-toBtijijr,  find  hm  found  the  work  not  only  intorePting.  but 
fXifct'iIinjily  instructive  iinil  viilniihle.  }u  i-hicf  valne  lies  in  the  ^udo 
whioh  it.  iitlonlK  in  fleterniiiiinp  what  kind  of  firinp  is  most  advau- 
tji;rwoH  whtTi'  thf  fur!  if*  liitiLiuirKiuc  ooal.  In  applying  the  reenlts 
of  ari»lyi*e?<  to  wfirkiiip  out  tlie  be!it-liii!nn(!e  of  a  boiler-tent,  the 
writer's  rt'sult*  on  vurious  lyiH'3  of  boilrrs  and  with  viirious  fuelrf  have 
fnrnixhud  u  vpry  rtuti«fa<;t[)ry  lu'count  of  tlif  iHctril)Utinn  ttt  the  he-iit. 
Tlu'  "miai'iiminled-fiir"  qiiaiility  has  ntngi^d  froni  2.1  per  i.x*nt  np  to 
7  per  cont  in  different  came.  He  haa  never  found  that  qoaiitity  a 
minim  one. 

A.-T  ti)  sampling  the  gaee«,  the  writer  has  found  Mitififactory  results 
from  UMUK  a  SiingU*  tuU*  nnperfomtfd.  wJiicdi  exteiuU  into  the  flu«  to 
a  rentnd  point,  amr  Ixiin^'  luken  to  &o  loeute  the  inlet  imd  that  i1  M'ill 
receive  what  would  be  i.:unsidered  «  fiur  sample.  It  is  important  that 
the  eontieetuig-tubc  Itetwet^n  the  fiuu  imd  the  instrument  should  be 
(iflhr,  and  that  t-are  be  taken  to  thoroughly  exhaii^st  the  pipe  of  air 
l)pfore  the  Rnmple  is  drawn.  The  eimneetitms  and  stop-cooks  about 
the  in^tniment  itt^elf  tdionld  be  ti^ht  and  eiirefiilly  manipulated.  It 
is  of  the  tirst  iinpnrtnnee  that  the  absorbing?  liquids  be  in  good  condi- 
tion. It  is  well  for  the  cnyptiot-r  liinistdf  to  make  the  cupmus 
chloride  wliieh  is  rwpiircd  for  aliscjrbiiig  the  carbonic  oxide,  nud  to 
frequently  renew  it  in  the  apparatus. 

The  writer  hae  found  ii  {li-Kimblc  tn  locate  the  gas-appftratus  on 
the  boili'.r-ro(uii  floor,  near  bv  the  furnaces  where  the  firea  are  being 
handled,  ami  to  curry  tlie  pwet^  from  the  flue  to  the  Orsat  by  means 
of  a  h>ad  pipe  uf  small  bore.  The  H])]mrutuB  cau  then  be  manipulated 
in  [daiu  view  of  all  the  uperalions  going  on  in  the  fire-room,  and  in 
that  way  he  can  time  the  drawing  of  samples  to  good  advai)tagt>.  By 
n^iiig  ]^ro}](>r  judgment  as  t<r  when  to  di-»w  the  wunple,  Mitixfartnry 
results  <;an  bo  obtained  from  analyHca  covering  momentary  drawings. 
For  the  purpose**  of  the  Uuiler-tcrtt  and  working  of  the  iK^t-lmlauce, 
it  it;  jjreferred  however,  that  the  drawings  t^houtd  cover  the  eutire 
period  which  elapses  between  two  succet^iive  firings. 

The  Kucce*wful  manipulation  of  the  Ursat  apparatus  is  not  a  thing 
which  requires  expert  cheniicnl  knowledge,  for  it  can  be  properlv 
handled  by  any  one,  after  a  little  practice,  who  is  familiar  with  tJ»'e 
operation  of  instruments  of  measurement. 

a.  11.  H. 


*  In  cuDDectioii  with  thin  Hulijecl  tlia  atudt>nt  nhnuU)  read  It.  S,  Ilalc'ft  pafier  on 
"  Fluti-gBs  Aimlv-^*-*  ill  Bfitler 'li'sls."  Willi  ihf  itif.rusniiin  ihHrtoii,  Trails.  Am. 
Soc  M.  H..  rt>I  'xviii.  p.  9ill.  (Vnntilt  a\f»>  OML's  "Fuel  and  Ciaa  Analyspa," 
Julio  Wilry  &  Suns,  aotl  Uvmiiel's  "Ua»  AtialjrBes,"  Macujillao  &  Co. 

W.  K. 


In  a  flcries  of  compotitne  triiila  hctwpen  two  fumaceB  which  the 
wrilor  irnulo  in  June,  18H7,  for  the  Detroit  Water-workn,  a  method  of 
obtaining  a  eontimious  r<'L't)r'l  of  the  iiiiiintity  "f  tonuko  wm  jtitm* 
diirefl.  which  seems  tn  him  cif  greiit  value  in  nmkiTig  i^pecifit-  what  hiis 
htTetiifore  heen  Iwik'tl  upim  tlu-  jmlgment  of  the  iitrwin  ccMuliictinj^ 
rhe  ol>»:ervati<in.i.  Ttie  method  referred  to  (^onttisted  ifiin]»]v  in  kuk- 
jH'iiding,  lit  11  HiiitahU'  point  in  the  pmoke-niiHsage  hetwet'ii  the  iMiiler 
acid  the  flue,  a  gtntxith,  Hat,  bra^M  iilute,  huvnig  ItK  face  ul  right  aiiglag 
tt(  the  direi;tion  nf  the  nirrent.  Thiw  plate  HervHd  tu  irollwit  a  i-ertain 
iMirtiun  of  the  sfHit  which  waa  carried  along  by  the  wa«te  gJHiUH,  and 
uidirfctly  fLirTushiM]  a  means  of  Hnnpliug  the  gim  in  respect  to  ttu 
sniokinetiK.  The  plate  was  '^4  init.  long  and  I  in.  wide,  and  it  pr»- 
Kenttjd  II  t>urf(U'e  aninunting  to  21  sr|.  ins.  Ih-ing  inserted  through  a 
hole  in  the  top  uf  the  flue,  and  ttusjxmdL'd  hy  a  wire,  the  hole  being 
covered,  the  plate  could  he  rtnidily  withdrawn  from  its  place  whenever 
desire«I,  and  the  eolh-dion  of  sout  reniovud  by  the  use  of  a  stiff  bnmh. 
This  was  done  every  two  hours  during  the  progress  of  the  trial.  The 
quantity  of  soot  which  Millected  on  this  pinto  varied  a<r(wirding  to  the 
type  cif  the  furnace  and  the  clianwter  of  the  fu«l,  and  aliio  ai^eonJiug 
to  the  eonilitions  of  the  tiring  and  the  working  conditions  of  Iho 
bi^iler.  The  records  of  tho  smoke- measuring  device,  and  those  of  the 
ocnhir  nbsorvatiunff  of  the  chimnov.  were  iit  accord  with  each  other. 
The  f|Uttntity  of  soot  xvhieli  Wiw  collocttni.  reduced  to  the  Imurly  rate, 
varied  in  these  tests  from  !t  to  IH4  milligninia.  The  method  has  not 
as  yet  been  tried  in  the  ease  of  a  flue  carrying  very  ilense  snaoke. 

u.  H.  B. 

AppENmx  XXXV. 

mx   RIKGRLSiAKN   SUOKR-CHART. 

Professor  Kingelniann,  uf  Paris,  has  invented  a  system  of  deter- 
mining tho  relative  density  or  blackness  nf  smoke.  In  making 
ol>scn'atitins  of  the  smnke  proc^H'ding  fr<)m  a  (diimney,  four  cards 
ruled  like  tboKe  in  tin-  cnl  (rig.  1  ItJ),  together  with  a  c-ard  printed  in 
solid  bluek  and  ajiother  left  entirely  white,  are  placed  in  a  lioriitonLal 
ruw  and  hung  at  u  point  about  >^l>  ft.  from  the  uliserver  and  as  nearly 
as  convenient  in  line  with  tlie  chimney.  At  this  distance  the  luira 
lH!cunie  invisible,  and  the  cai-ds  apjiear  to  Iw  of  different  shrnles  of 
gray,  nioging  from  very  light  gray  to  almost  bhurk.  The  observer 
glances  from  the  smoke  t-nming  fn>m  the  tdiimnoy  to  the  cards,  which 
are  numla'reHl  from  0  to  5.  determines  whitdi  card  most  nearly  corre- 
»(M)nds  with  the  color  of  the  smoke  and  makes  a  rei»rd  acconlingly, 
noting  tho  time.    Obscrvatioufi  should  be  miMJe  continuously  during 
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Bay  ouo  minute,  and  tho  estimated  average  density  duriug  that  miuuto 
recorded,  and  so  on,  re<-ords  being  made  once  every  minute.  The 
ftverage  of  all  tho  records  made  during  a  boiler-test  ia  taken  aA  the 
average  figure  for  the  smoke  density  during  the  test,  and  the  wlmle  of 
the  ret.'ord  is  plotted  ou  cross-ewtion  paper  iu  order  to  ehow  how  the 
Smoke  varied  in  density  from  time  to  time.  A  rule  by  which  the 
cards  nmv  be  rpprocliu-od  is  given  by  Professor  Ringelmaim  as  foUovs: 

{.'ardO— iVll  white. 

t'ard  1— Black  line*  1  mm.  thick,  10  mm.  apart,  looving  spaces 
9  mm.  eqtiare. 

('ard  2 — Linen  'i.'^  mm.  tliirk,  spaces  7.7  mm.  square. 

Card  3 — Lines  3.7  mm.  thick,  spares  13.3  mm.  square. 

Card  4 — Lines  5..'»  mm.  thick,  simcea  4..">  mm.  square. 

Card  5~A11  black. 

The  cards  as  printed  on  the  opposite  page  are  much  gmallcr  than 
those  used  by  Pnifcsiuir  Ringclinatin,  but  the  thickness  and  tha 
spacing  of  the  lines  are  In  tho  same  proportiou,  being  one  half  ix^ 
tliose  given  by  him. 

w.  K. 
Appknhix  XXXVI. 

STABTIXO    AND   STOPPING   A   TEST. 

Of  the  two  methods  of  starting  and  stopping  a  test,  tho  so-called 
"standard"  method  and  the  "alternate '*  method,  the  writer  prefers 
the  latter,  believhig  that  the  emu's  in  the  estlnitttiou  of  the  quantity 
and  condition  of  the  small  amount  uf  coul  left  ou  the  grate  after 
cleaning  are  Ie«8  than  the  errors  of  the  "standard"  method,  which 
are  due:  first,  to  cooling  of  the  boiler  at  the  beginning  and  emi  of  the 
test :  second,  to  the  imperfect  c^imbustjon  of  the  fuel  at  the  beginning; 
and  third,  to  excessive  lur-sujiply  through  the  thin  flre  while  burning 
down  before  the  end  of  tho  test. 

A  speriAl  caul  ion  is  neeiled  jigainst  a  modification  of  the  "alt^-r- 
nate"  method,  whicth  lias  been  adopted  by  some  testing  engineers 
within  the  pa^it  few  years.  It  consists  in  taking  tho  startmg  and  the 
stop]iiiig  times  each  at  a  time  subsequent  to  the  cleaning,  say  after 
4(K>  lbs,  of  roal  has  Ifeeii  firi'd  since  the  cleaning.  There  are  two 
sourceD  uf  serious  error  in  this  method,  one  causing  an  incorrect 
meiwuremont  of  the  coal,  tlie  other  an  incorrect  measurement  of  the 
water.  Suppose  200  lbs.  of  hot  coke  are  left  ou  the  grate  at  the  end 
of  eli?ttning  and  400  lbs.  of  fresh  coal  are  added  by  the  end  of,  say, 
half  iin  hour  after  denning.  If  tho  coal  left  at  the  end  of  the  clean- 
ing, anil  the  boiler-walls  also,  are  very  hot,  and  the  coal  ia  highly 
ToTatile  and  dry  and  the  pieces  of  surh  size  as  not  to  choke  tjie  air- 
sapply,  tho  fire  may  burn  so  briskly  that  at  tho  end  of  the  half-hour 
tho  fuel-vaino  of  the  ]«irtly-bumed  eoal  left  out  of  tho  totid  600  lbs. 
U  equivalent  only  to  300  lbs.  of  coal.  If,  on  the  contrary,  tlie  hot 
coke  on  the  gri»te^  at  the  end  of  the  cleaning,  and  the  boiler-walls, 
are  consideralily  cooled,  if  tho  fresh  coal  fired  is  moist  and  of  small 
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size,  such  as  the  slack  of  nin-of-niino  bituniinona  coal,  which  ia  often 
foinif]  in  ono  portion  of  a  pile  in  proutcr  fjimntity  thnn  in  another,  the 
fire  dnring  the  haU-hniir  may  hnrn  m  mif*g\sh\y  that  tho  coal  and 
coke  on  tho  grate  at  the  end  of  the  half-hour  may  have  a  fitt^l-vatQe 
equal  to  400  Ihs.  of  coal.  If.  in  this  casf,  it  is  ftMomod  that  tho 
quantity  and  wnniitinn  of  the  cojil  at  the  end  of  the  hti)f-huur  after 
eleaninfr  are  the  same  at  the  startiii^r  anrl  stopping  Time;  and.  if  tlie 
fire  bnrnwl  hriBkly  tlnring  th*'  half-hour  before  starting  and  slowly 
tluring  tlie  half-hour  hefoi-e  i<toj>ping,  the  l)4)iler  will  !k!  charged  with 
more  coal  th;in  was  aduuUy  hurue*!.  If,  on  the  contrary,  the-  coal 
burns  away  more  slowly  during  the  hulf-liour  after  the  cleaning  hoforo 
the  fitartijig  time  and  more  rapidly  during  the  Iialf-hour  before  the 
end  of  the  teat,  the  boiler  is  not  charged  with  lui  much  coal  nn  m-ha 
actually  bunied. 

The  error  in  wator-mcafiuremcnt  is  dne  to  the  fact  that  the  con- 
dition of  the  fire,  and  ei^peciully  the  quantity  of  flunnng  ga»e»  arising 
from  it,  influencea  the  height  of  the  water-level.  A  bright  hot  fire,  or 
a  fire  with  an  abundance  of  biiniing  gas  procee(fing  from  it.  canii«8 
the  water-level  to  rise;  while  anj-thing  that  cools  the  funiacc.  Mich 
aft  fresbly-lired  coal,  an  open  tire-door,  or  a  check  to  the  draft, 
eiuiBps  the  water-lovel  to  fall.  A  rise  or  a  fail  of  several  iuches  in  a 
few  secondH  frequently  occurs  when  bituminous  coal  is  used.  If  ihp 
water-level  is  notetl  at  the  starting  of  the  test,  when  it  is  raised  by  a 
bright  fire,  and  ut  the  end  of  u  test,  when  it  i»  de[irfH»«l  by  Uio 
Btoppage  of  violent  ehulht.iou  or  of  nipid  circulation,  due  to  the  coin- 
ing of  the  tire,  the  boiler  will  be  rredited  with  more  water  thiui  was 
reallv  evaponited,  and  vire  versa. 

'file  only  correct  limes  to  be  noted  a«  the  starting  and  the  stopping 
times  are  when  the  e«niulle^t  amount  of  fuel  i^  on  the  grate  und  when 
it  it!  in  the  most  bnnied-out  condition:  that  is,  just  before  firing  tmh 
coal  after  cleaning,  and  when  the  water-level  is  in  its  moat  quiet  con- 
dition and  the  least  niised  by  ebullition.  The  fumacc-door  bait  then 
Ijeen  kept  open  for  some  time  for  cleaning  and  the  furnace  there- 
fore is  in  its  wKilest  state.  This  condition  of  (ire  and  of  water-level 
can  be  duplicat-od  immediately  after  cleaning  the  tire;  but  there  is  no 
certainty  of  dnplii'ation  of  any  conilition  when  there  lb  a  bright  fire 
and  rousequent  rapid  steaming. 

'I'hi'se  statements  are  not  ba«iMl  upon  theoretieal  cousiderations, 
but  are  the  results  of  many  ctpertmeiits  maile  by  the  writer  to  deter- 
mine the  best  starling  and  stojiptng  times.  In  a  long  series  of  te«ts 
with  bituminous  coals  no  \cm  than  six  dififerent  tinier  were  recorded 
a8  starting  times  and  as  many  as  stopping  timet;,  and  the  coal 
apparently  used  and  the  watc^r  apparently  evapoi-atod  recordeil  and 
calculated  for  each.  These  times  were:  J,  before  ojjcning  the  first 
or  right-hand  door  to  clean  the  fire;  fi,  after  lOeaning  the  first  half 
of  the  ftirnace  and  just  before  firing  fresh  coal:  C,  after  cleaning  the 
H'cniid  half  of  the  fnrnftco;  If,  after  ^00  ibs.  of  fresh  coal  ha*i  been 
fired;  £,  after  400  lbs.;  F,  aft«r  GOO  Ibs.     By  plotting  the  apparent 
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vatcr-«vaporatiun  l>t'Lweeii  A  and  E,  butli  fur  starting  and  for 
stopping  times,  it  wati  msen  that  there  wa^  nearly  alwayi!  an  apparent 
negative  evaporation  between  B  a)ul  />.  and  soniotimee  betw««n  It  and 
(^'an<I  between  li  and  E,  due  to  the  correrlion  for  height  of  (thscrved 
water-level,  the  level  rising  rapidlv,  being  mueh  gniuter  than  the 
water  fed  by  the  pump.  Tliore  wa«  often  no  similarity  »if  appejiranee 
of  the  plotted  diagniuiH  between  A  and  /'at  the  beginning  and  at  (be 
end  of  the  Bame  test.  The  possible  error  of  water-measurement  due 
to  taking  A,  D,  E,  or  /'mt  the  fttarting  time  was  ^metinieH  ae  niueh 
as  *^0U0  Ibfl.  of  water,  or  about  3  per  eent  of  the  whole  amount 
evaporated  in  a  ton-hour  l-c«t.  The  roeord  of  water  evaporated 
Votweeii  the  stopping  and  starting  tinien  C'oecaaionally  differed  eou- 
8i<Jonibly  fn>m  that  taken  Iwtween  the  //  start  and  Rtop,  due  to  the 
fact  that  sometimes  between  B  and  f  there  was  a  sudden  lighting  up 
of  the  fresh  coal  on  the  cleanetl  side  of  the  fnruaee,  while  at  other 
times  the  tire  wouhl  not  light  up  briglitly  until  after  the  C  poiiit  had 
passed.  It  waa  then»fore  decided  that  the  //  time,  when  (he  furnace 
was  the  coldet-t  and  the  water-level  at  the  lowest,  was  the  ontv  time 
which  could  bo  accepted  as  the  true  starting  and  tttoppiug  time. 

w.  K. 

Appekdix  XXXVII. 

STARTINO   AND   8T0PPIS0   A   TEST. 

Between  the  "standan! "  method  and  the  "alternate"  method  of 
starting  and  stojiping  a  test  I  believe  the  standard  method,  if  properly 
followed,  is  the  more  reliable  of  the  two  for  determining  absolutely 
correct  and  uncjuestionable  results.  One  of  the  important  matters 
which  the  standard  method  deterniincs  accurately  is  the  absolute 
quantity  of  ash  and  refnse.  In  the  ease  of  the  alternate  method  it  is 
extremely  difficult  to  obtain  the  quantity  of  ash  in  such  a  way  as  to 
I)e  positively  reliable,  fnr  the  reason  that  in  cleaning  the  fire  it  is 
hardlv  possible  to  leave  the  same  amount  of  ash,  clinkers,  and  refuse 
nuxc^l  witli  the  foal  at  one  time  as  at  the  other.  When  the  fire  la 
StarttL'd  new  with  wood,  ami  burned  n^it  at  the  end  of  the  trial,  as  it  is 
in  pnrsning  the  stanilard  meth<Kl  of  starting  and  stopping,  there  ia 
absolutely  no  chance  of  making  an  error  of  this  nature.  The  teu- 
den'try  of  nearly  all  parlies  ctincerned  in  a  boiler-tcwt  is  to  have  the 
boiler  make  a  g(H)d  showing,  and  it  la  the  rule  rather  than  the  excep- 
tion that  the  fire  at  the  end  of  the  test  is  bunied  lower,  if  anything, 
than  it  wiw  at  llie  beginning,  so  as  tu  surely  give  the  boiler  all  the 
advantage  to  M-hich  it  is  entitled.  With  this  tendency  the  cleaning 
of  the  (ire  at  the  end  of  the  te-st  is  apt  to  be  less  thorough  llian  at  the 
begiuiiins,  so  that  in  the  first  place  no  fuel  will  be  lost,  and  in  the 
second  place  that  the  bed  of  coal  may  not  be  reduced  in  thii^kness  any 
lower  than  is  absolutely  noceesarj*.  The  result  is  that  the  bed  of  coal 
at  the  end  is  apt  to  contain  more  waste  material,  wluch  belongs  with 
the  Mhee,  than  it  does  at  the  beginning,  and  this  is  one  of  the  reasons 


why  the  alternate  method  of  starting  and  stopping  a  teat  is  objeo- 
tioimble. 

There  appeart*  to  be  confusion  in  the  minds  of  nomo  experts  as  to 
the  facility  with  wliiirh  a  new  fire  cnn  be  (•tarted  with  wood.  They 
Hpp<mr  to  httl'd  the  belief  tliat  there  h  apt  to  be  a  great  losa  in  getting 
u  new  lire  started  in  this  wiiy,  a  lotut  whicJi  occurs  not  onlv  in  the 
matter  of  lime,  but  alsu  in  the  matter  of  uombnation  and  lieat.  I 
hare  made  u  great  luaiiy  tests,  using  the  (Standard  method  of  starting 
and  stopping,  and  my  experience  has  been  tliat,  bo  far  m  facility  of 
manipulation  is  conremed.  it  is  perfectly  easy  and  ^itiafaetor)-  touw? 
the  standard  method.  With  a  suitable  quantity  of  dry  pine-wwKl, 
preferably  in  the  form  of  edgings,  or  l-in.  boards  which  have  been 


Viti.  117.— Okapiiic  Rccobd  or  a  BoiLKR-TEar. 

split  into  narrow  pieces,  it  is  t^uite  feasible  to  draw  the  old  firo.  kindle 
a  new  one,  and  tiave  tlie  l>uilL-r  under  steam  in  praeticallv  a  normal 
eiiudition  uf  ninning,  witli  the  cual  selected  (supposing  this  to  be  a 
go(Ml  quality  of  bitiiniinoua  or  senii-hituminonB  coal)  inside  of  15 
minutes'  time.  My  opinion  is  that  the  iibjertionrt  which  have  been 
raij«<-d  to  star1,inp  with  wood  firoH  i«  due  to  the  fart  that  Kuitahlo  pre- 
paration has  not  bciMi  made  in  the  matter  af  rurnishinga  proper  kind 
of  wood  cut  into  proper  shape.  Certainly  it  la  inii)o»sihlti  to  start  u 
Hatisfactory  new  fire  if  tin-  supply  of  wood  contains  any  appreciable 
quantity  of  wet  mati'rial  i)r  hard  wiHid.  or  wowl  which  is  in  thick 
pieces  which  lio  n{)t  readily  ignite.  I  have  nut'eU  iiad  difficiilty  in 
starting  atestnnderthe.se  rircumslAnces,  and  I  hare  no  doubt  that 
PXiMTts  who  have  found  the  standard  mcthnd  iibjcctionablo  have 
encuuntorod  the  same  (il>sUi<-lc  and  they  pmbably  ba*>e  their  objections 
largely  at  least  on  lhe£e  uiiuccc^sury  dlffieullios.  o.  u.  B. 
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Appendix  XXXVIII. 

CHART  BHOWISO    UKAPHICALLY   THB   IJQQ   OP    A   TRIAU 

The  woIl-knowD  method  uf  [ilottiuj;  observations  and  dal-n  on 
cross^scctioii  paper,  aiul  making  a  chart  iiiiplyiiijr  to  the  test,  is  a 
usoftil  means  of  representing  the  exai:t  iinifomiitv  of  conditions  exist- 
ing during  a  triul.  Such  a  chart  i^  illustrated  in  tho  appended  cut 
(Kig.  1 17),  in  which  the  ahseirksw  reprenent  times  and  the  ordinates  on 
appropriate  scalua  the  various  observationa  and  data. 

0.  H.  B. 

Appendix  XXXIX. 

CONTISCOnS    DETERMINATIONS   OP   CARBONtC   ACID  IK"    PI-UE-OA8K8. 

VariouH  forma  of  apparatus  have  been  devised  for  showing  eon- 
tiniioujity  the  percentjige  of  carbonic  acid  in  woatc  gases,  and  instru- 
ments uf  thi-s  kind,  if  reliable,  ftenc  a  useful  purpose  in  the  management 
of  the  firea  during  the  progress  of  a  test.  Among  these  instruments 
may  be  mentioned  tlio  "gas-balanee"  of  Alphonse  Cnstodis.  the 
Amdt  *•  econometer,"  and  the  Uehling  &  Steinbart  "gas  comjwai- 
meter." 

G.  H.  B. 

AppEiTDn  XL. 

VKA8rKI!<n    UAUIATION    PHOU   CBHTAIX   TTPBS  OP   BOILStte. 
[CvtUnbuUd  fry  Mr.  R.  8.  IJak.  Member  o/t/u  89t^^.) 

While  the  heat  lost  by  radiation  is  only  a  small  amount  of  tho 
total  heat  if  the  boiler  is  well  coven-d,  yet  it  is  inijiortant  enough  to 
be  conpidoro'l,  and  in  the  oaw  of  r-ertain  tntenuilly-Iired  boilertit.  snch 
OS  the  ordinary  upright  vertii^l.  the  Manning,  the  marine,  the 
Thomyeroft,  etc.,  it  can  be  easily  detennin{>d  by  at  Im.'rt  two 
methods.  If  the  boiler  is  covered  cnmpletelv  (or  nearly  wi)  with  any 
boiler-covering  for  which  the  rates  of  How  of  "heat  can  be  or  have  been 
determined,  then  the  total  loss  of  hoat  is  easily  compntwi.  Thns, 
Norton's  testa  (Trans.  Am.  Soc.  SI.  E.,  vol.  lix.  p.  721*)  give  the  flow 
per  Bt[uuri'  foot  [wr  hour  ut  various  differences  of  tcni[H>rHlure  for 
many  freqiientlv-used  coverings.  Now  if  the  temperature  of  the 
Btenm  and  of  the  air  and  the  total  exposed  area  U  known,  the  loss 
from  tho  wh<»Ie  boiler  per  hour  is  eaiiily  conijnitcd,  and  this  loss 
divided  by  the  total  heat  supplied  in  the  same  time  ^vos  the  jien-eu- 
tage  lotm  by  radiation.  If  the  builer  is  unly  partially  covcrt'd.  tbe  Ifws 
from  the  covering  and  from  the  bare  iron  win  be  computed  wparalely. 

The  setrond  method  of  determining  the  radiation  logs  is,  after 
drawing  the  ilrc,  to  shut  all  doora  and  dampers  tight,  and  then  to 
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note  the  time  neeeiwary  for  the  8team-pre*«iire  to  fall  gay  10  or  20  Iba, 
The  fall  in  prt'SHiire  given  llii'  (lHt»  fnmi  which  the  fall  in  tempemture 
can  be  conijiuted  by  uicuiis  of  the  steiuii-tabU'S,  and  the  Intal  h)88  of 
heitt  in  thermal  iniitrt  U  equal  to  the  weight  of  iron  and  wuti^r  multi- 
plied by  their  respective  spcrific  hcaU  and  the  fall  of  tomjKTatore- 
This  di%ide(l  by  tho  time  givi>ii  the  toLiil  heat-unitti  lost  by  redintion 
per  honr.  and  the  pcr(>piitage  Ioi^k  by  rudiution  is  found  aa  before  by 
dividing  by  tlie  totnl  hcMit  supplit'd. 

It  should  be  noted  that  the  first  method  given  does  not  apply 
niiless  the  boilers  are  iiitcnially-fired.  Neither  docs  the  seojud 
method  apply  if  there  is  any  brick  in  the  furnace,  or  setting,  eince  the 
mL'lbod  depends  on  the  assumption  that  the  temperature  of  the  water 
and  iron  corroHponds  to  the  steam -p re wu re,  which  would  not  be  true 
of  the  brick.  The  seeond  method  is  also  apt  to  give  high  results,  as 
it  lit  almost  impo:^sible  to  al>^h)tely  close  the  doora  and  dam|>crs.  and 
air  leakiug  past  them  carries  heat  up  the  chimney,  in  addition  To  the 
true  radiation. 

Appekdix  XLl. 

DETBBMINATIOH    OF  THE    MOISTIItK    IS    STEAM   PLOWING    THKOUGH    X 

HOKIZOXTAI.    PlI'K. 

(ConiributMl  bg  7>.  8.  Jacobus,  MenUier  tff  the  BoHety.) 

In  some  casee  it  is  impossible  to  phu*c  the  ttamjiling  nozzle  in  a 
vertical  t<team-pipe  rising  from  the  boiler  as  recomnu-nded  in  Article 
XIV  of  the  Code.  When  this  is  the  case  and  it  is  possible  to  connect 
to  a  horizontal  steam-pi{>e,  the  arrangement  of  throttling  calorimetera 
shown  iu  Fig.  118  gives  satisfactory  results. 


t*r%iBtnm_ 


The  cjilorimet^r  A  is  attjiched  to  the  separator  O,  which  is  iu  turn 
attached  to  the  under  side  of  the  irteam>pipo  by  the  nipple  D.  The 
iiipide  D  is  made  flush  with  the  bottom  of  the  pipe.  The  calorimeter 
B  is  attached  to  a  noxzle  having  no  slde-holee,  which  jjasses  through 
the  stufHug-box  E.     This  uozzle  is  adjustablo  so  that  tlie  steam  cau 
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be  drawn  from  any  height  in  the  pipe.  W'hpii  in  iU  lowest  position 
it  is  flnsh  with  tlie  bottom  of  the  pipe.  The  ••nlorinieter  C  is  iittiWThed 
to  the  perforated  iiipjjle  F.  Tlie  calorimi'lers  art  i)lttoed  at  Home  dis- 
tance from  ftn  elbnw  or  bend,  so  that  if  there  is  moisture  iii  the-8teain 
it  tends  tu  run  along-  the  bottom  of  the  pipe.  Thin  nioi«tnre  will  flow 
into  the  nipph'  U  and  collet^t  in  tlie  aepunitor  it.  Nwirlv  all  the 
moiBture  nniy  ixttnetinien  Ik*  dmwTi  nut  in  this  way,  and  if  the  calo- 
rimeters  H  and  C  iiidicatf  (\t\  nteuni,  thr  weii|;lit  t)f  nioisture  colleoted 
in  0  represents  th«  entire  inois"tiire  in  the  wteain.  The  three  <'ah>rim- 
eters  are  all  rovertK]  in  the  sjiine  way  to  diniinish  radiation,  and  the 
normal  reading  of  the  iliernmnieterft  /  and  ./  uwd  in  the  culurimctera 
B  and  C  ean  urdinarily  be  ubtained  by  placing  them  in  tlie  L-alorim- 
etcr  A.  The  perfomied  nipple  F  serves  to  shuw  that  (here  is  no 
moistnre  dii^tributed  through  the  uteam,  and  in  the  ease  of  a  sudden 
beleh  of  nioii>ture  it  will  iiidieate  the  same.  Itarrus  caloriiiieteni  were 
used  in  our  le«tH,  and  the  cahiriniettr  A,  eumhtncd  with  tlie  wjnirator 
G,  formn  in  reality  a  liarrus  L'niversiil  Caloriniftor.  With  a  properly- 
constructed  M'paratur,  the  eteani  pa^tiintf  through  the  caloriuicter  A 
will  l>e  jiractically  dry  with  as  high  as  tlO  lbs.  of  moiiiture  drawn  fwrn 
the  separator  per  hunr.  and.  until  this  limit  is  ext-eeded,  the  normal 
readings  of  the  thermometers  ust^d  in  the  ealoriraeters  ii  and  (.'  may 
be  obtained  by  platting  them  in  the  calorimeter  As  as  has  already  hoon 
states!. 

In  some  ca«e8  the  enlorimeter  C  is  omitted  and  the*  amount  of 
moisture  is  determined  by  meflng  of  the  separator,  with  the  adjustablo 
nozzle  at  A' and  rhe  wparutor  and  calorimeter  A, 

The  perrentApe  of  primiuf;  /'  for  the  Kteam  paesing  through  tho 
calorimeters  Ji  and  (J  is  given  by  the  formula, 

where  P  —  the  pertwntage  of  priming; 

JV"=thu  ntiimul  reading,  in  {fegrees  Fahrenheit,  obtained  by 

placing  the  thermometers  in  A; 
T=  the  reading  when  ])laced  in  either  B  or  C\ 
L  =  the  latent  lieat  at  the  prt^-ttsure  of  tho  steam  in  the  eleam- 
main  in  British  thernml  units  per  pound. 
It  is  best  to  employ  the  normal  reading,  as  Mr.  I^irrus  n>eont- 
mendfi,  in  calculating  the  moisture  corresponding  to  the  readings  of 
a  throttling  calorimeter,  and  not  the  formula  given  in  Appi-ndix  ,\V 
of  the  Code;  for  if  the  formula  given  in  Appendix  XV  is  used,  tho 
meroury-thi^rmometer  used  t<»  meannre  the  temperature  uf  the  steam, 
after  passing  Ihnuigh  the  orifice,  must  be  eorroeted  for  the  error  pro- 
duced in  n(jt  heiiting  the  entire  length  of  the  stem,  and  must  also 
be  corrected  to  make  tho  readings  correspond  with  those  that  would 
be  given  by  an  air-thermometer.     Tho  railiation  of  tho  calorimeter 
must  also  be  determined  by  a  separate  experiment,  and  allowed  for. 
TUTien  tho  normal  reatling  is  taken,  as  Mr.  Harms  recommends,  all 
errors  of  rad  iation  and  corrections  fur  the  thermometers  are  eliminated. 
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The  normal  reading  should  be  obuiiie<l  either  by  connecting  the 
cftlnriiitftrr  to  &  viTtieal  nii»p]e,  with  no  wide-holet*,  which  projocts 
upward  in  a  hurizontul  stfam-pipe,  in  whi<-h  tlie  t<leHm  ii-  in  a 
qiiiemreiit  Ktato,  or  it  tthoiihl  hi>  (ibtuiuitd  hy  connecting  the  calorimet'er 
to  11  anparator.  which  xa  known  to  remove  all  the  moiftturts  The 
n4/rniul  rwidin;;  sIiuuM  not  bt;  dflermiut'd  when  the  calnrimetor  is 
attmhcil  In  u  h<tri/,<nilal  nipple  with  t-ide-holes,  placed  in  a  verlical 
pipe.  I)e'*:iut<e  flimild  this  W  dune  the  readiu^!^  may  be  low  on  aceount 
uf  uLoinitiire,  which  may  full  tliron^di  the  ^tcani  and  cling  to  the  noz- 
zle, and.  tintilly.  he  dniwu  into  the  ealorimeter. 

The  ret^nhs  ^"stsw  by  a  throttling  calorimeter  cannot  be  relied  on 
within  Miie-fifth  of  1  per  cent,  because  experiments  have  shown  that 
the  qnality  of  the  •'  dead  Btc«m  "  utied  in  obtaining  the  normal  read- 
in<r»i  may  vary  hy  this  amount.*  As  tfie  quality  of  the  "dead  etenin" 
may  not  be  that  of  the  stwim  used  by  Ite^anlt  in  his  experiments, 
there  may  ho  a  still  greater  error.  When  the  fornuila  given  in 
Ajipendix'  XV  of  the  Code  is  nsed.  the  prnluilde  prror  in  not  eliminated, 
for  a  t^tiidy  of  ItegnaultV  Experiments  fhows  that  the  viiliie  nK-d  in 
the  formnhi  for  the  specific  heal  of  tiuperhealed  Bteain  may  be  i»hgh(ly 
in  error  for  the  cnnditifni.s  invtdved  in  a  thrnttling  <'alnrimeter. 
Kx|R'rimenU  liave  (*hown  that  the  two  methods  of  roniputing  the 
muittture  agrM  witliin  one-fifth  of  1  per  cent  when  the  proper  corrw- 
tions  are  made  for  radiation  and  when  the  temperatures  arc  reduced 
to  the  oquivalenls  by  an  air-thermometer.f  These  ex|>eruueut«  were 
made  at  the  t^ingle  pressure  of  80  lbs.  per  wj.  in.  a)>ove  the  atmoft- 
])heri'.  and  it  has  \wi  l)eeii  shown  thai  the  two  niethodit  agrw  within 
this  Hmount  at  all  pressures,  but  a«  there  Bhould  be  no  diHcrepaney 
nrovidt'<l  the  speciGc  heat-factor  reniairis  constant  for  the  i-ouditionH 
iuvr>lred,  it  it;  ])rubable  that  the  two  methods  agree  very  nearly  with 
each  other  at  all  pii-ssurcfi-l 

Computation  of  the  Kesults  of  a  Boiler-trial. — The  following  ex- 
ample shows  a  convenient  method  of  making  the  calculations  of  tlio 
results  of  a  trial  from  the  observed  data  recorded  at  the  trial. 

The  observed  data  used  in  the  calculations  are  : 

n.   |)»nili<>n  <j[  tlie  tetii 10  h^^  15  tnia.  =  10.86  luv. 

h.  Watrr  aiiparenily  evaporauid IIm.  10,000 

f.  Cnal  iisci ....lbs.  8.000 

d.  Kv«<l-WBl«r  tompenture,  Bvar*^ 110*  F. 

«,   SU'tttii-pi-i>!tHure  )iy  S'^u^b,  aviinign Ibft,  ISO 

/.  MoUmr«  in  lliecoal j  3 

g.  Moisture  iti  thf  tileaiii ,,...,.,..*■•* ^O.Q 

A.  AhIi  and  refu.'^  witlidrswD  from  llie  Are Of  =  lh«.  160 

t    Uraie-Hurfiu'e sq.  ft.  80 

f    UmUbiT  sarfftCQ w\.  fl.  1,000 

•Train*.  All).  Boc.  M.  E.,  vol.  x*i.  p.  4(W. 

♦  Tmiit.  Am.  Soc.  M.  15.,  vol.  xvl.  p.  4B0. 

;  It  miiit  not  be  inferred  fntm  tbiK  tlmt  tlie  author  ranskdi^rr;  the  specific  h«at 
of  itt^»ni  lo  b«  the  ssma  at  all  pr^Bsares.  On  th*  contrary,  li«  bos  made  exp»rt> 
meote  wLicli  show  ibat  tliis  ta  not  the  cue. 
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The  following  rcetilUt  are  calculated  from  these  tlata : 

Ic.  Kftcior  i'^  vrnporAtSon,  from  d  And  t,  tAkcn  Trum  talil«)  of  Xaciam.  1.10. 

ft,  Walpr  pruponitwl .  ctims-.twl  for  raniature  in  tlie  sleatn  =  h  —gh  —  90,000  —  150 

=  29.850  Ibi. 
U.E.  Wnter  t.vat>orst«d  from  and  M  213*  Into  drj  At«am  =:  ft,  X  A=  30,8fi0  X  MS 

=  34,837  Ilffl. 
f,  Pty  coti  =  e  -/=  8000  -^-  2WQ  lbs. 
€.  CuoibasUble  =  r ,  -  A  =  2M0  -  lUO  =:  2700  lbs. 


t«BFUL  ni8OT.TS. 

(1)  &■+■£  Water  ■pparentl^  evapunted  jwr  lb.  coal,  actnal  conditions  30.000  -«- 

80tW  -  10  Ih*. 

(2)  r.E.  -*-c  Water  ovaporatwl  froiB  and  at  213°  per  lb.  coal,  84,837  h-UOOO  = 

11.44:jlbs. 
(8)  U.E.  -t-fl.   Wnier  evaporated  from  and  at  aiiT  per  lb.  dry  coal,  843S7  +  3M0 

=  11.676. 
(4)  T7.E. -!-<•,  Waier  evnporated  from  and  at  aiS*  |>cr  lb.  combuutiblo,  84,327 -t- 

2760=  12.437  Iba. 

(6)  II. r.  llor8epowtfr  =  U.F..-i-a-*-a4. 5  =  84,827 -i-:0.25  +  34.5  =  07.lH. p. 
<S>  Coal  per    sq.    ft.   grate-Mirrace  per    lionr,   «*t-a-i-ts:  8000 -)-10.SS -i- 80=3 

9.76  Uw. 

(7)  CE.    per  w\.  ft.  heuUng  sarface  per  hour,  U.E. -*-fl-»-y  =  84,887 -*- 10.25 -t- 

iW)rt  =  3.8.'injB. 

(8)  T.  TvuiiRTaturt]  of  iLe  cliUun«7  k»»^,  average  400^  T. 

fnterpretatioH  of  the  abav*  reitultx. — The  resiilts  givon  in  the  lost 
eight  lines  are  the  oiws  thtit  give  pracdoally  all  the  iuforiniilioii  Ihat 
18  retiiiirctl  from  aiiv  boiler-lriul.  All  Iht-  obfwrved  data  and  all  the 
oompiitatioriH  are  of  u»e  only  for  the  purpose  of  obtaining  these  eight 
reeultB.  Wo  will  now  consider  what  conclusions  inny  ho  drawn  by  an 
engineer  from  these  eight  restilt^t  alone,  the  Hgurus  theiudt-'lvcti  heing 
accept«<1  im  correct. 

1.  From  the  reBuU,  10  llw.  of  water  eTaporat*il  under  actnal  con- 
ditionH,  nothing  can  be  known  concoruing  the  uRiciency  uf  the  boiler 
or  the  quality  of  the  coal,  unless  the  comlitions  of  feod-wator  tern- 
peraturo,  steam-pressure,  and  moisture  in  the  coal  and  in  the  steam 
are  altio  known.  Aliout  the  only  use  that  ran  bo  niudc  of  iImh  figure 
is  iu  connection  with  eetimates  of  the  ro«t  of  titeam-power.  If  the 
engine  using  the  steam  furnished  by  the  Imiler  uses  20  Ibn.  of  steam 
per  horse-iMiwer  [ler  hour,  then  it  will  require  20  -j-  10  =  2  Uiji,  of 
coal  per  horse-power,  the  "actual  conditions''  undpr  which  theltoiler 
is  operated  being  tho  pressure  of  iftcam  re^uiretl  by  the  engine  and  the 
tompcraturo  of  water  in  tho  hoL-wull  uf  the  conUetixer  or  in  the  feed- 
walor  beater,  both  of  which  obtain  their  heat  from  tho  exhaust  steam 
funiiahed  by  the  engine. 
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2.  The  result,  11.443  Hw.  oTjiporate<l  from  and  at  212°  per  lb.  of 
ooal,  is  iist-ful  as  a  measure  of  the  quality  of  the  coa),  provided  the  effi- 
cieriry  tif  llie  boiler  is  known.  Vor  ttwta  of  ditTerent  coals  with  the 
sumo  boilor  and  under  i)io  same  conditions  of  rate  of  driTing,  kind  of 
firing,  etc.,  tlitu  iigure  is  tlic  oue  that  will  be  used  in  comparing  tlie 
relative  raluos  of  tlie  coals.  It  \«  a  very  high  figure,  and  indicates 
both  that  the  coal  is  of  good  quality  and  that  tbo  efficiency  of  the 
boiler  is  high. 

3.  The  result,  1 1 .676  TT.K.  per  lb.  of  dry  roal,  is  useful  in  connec- 
tion with  result  2,  as  a  measnre  of  the  quality  of  tbo  coal.  The  dif- 
ference between  the  two  results  bciug  2;t  shows  that  that  is  tbo  per- 
centage of  moisture  in  the  coal,  and  this  would  indicate  that  tbo  coal 
18  not  Western  coal.  The  result  voutd  also  be  used  in  comparing 
tests  of  coals  of  one  grade,  but  dItTering  in  surface-moisture,  so  as  to 
reduce  thom  all  to  the  standard  of  dry  coal.  It  is  practically  of  no 
use  in  comparing  couls  of  dilTercut  grades,  such  as  Pittsburg  tuid 
Illinois  coals,  eoiituiiiing.  respectively,  say  2%  and  12^  of  moisture. 

4.  The  result,  12.437  T.E.  per  lb.  of  combustible,  is  the  one  used 
for  com|>aring  boiltr  efficiencies.  If  the  grade  of  coal  is  known,  and 
its  beating  value  per  lb.  of  combustible  is  either  known  as  the  result 
of  u  calorimetrio  test  or  by  computation  from  analysis,  or  cstimatei! 
from  the  average  heating  ruluc  per  lb.  combustible  of  coal  «f  Uiat 
grade,  then  the  figure  13.437  divided  by  the  quotient  of  the  heating 
value  of  the  coal  divided  by  960.7  will  give  the  efliuieucy.  The 
figure  12.437  being  in  e.xress  of  I'^  llis.,  which  is  practii;ally  the  max- 
imum value  obtainable  for  anthracite,  and  beyond  the  maximum  for 
bituminous  coal,  iudical-es  both  that  the  coal  is  semi-bitumiiiouB  and 
that  tlie  boiler  waif  operated  with  a  very  high  cfHciency.  Taking  the 
average  heating  value  of  Bcmi-bitnminons  coal  at  15,750  D.T.U.  per 

13.437 
lb.  combustible,  gives       ^  ^' ,   oa*f  >  —  7fi.3fi<  cflicioncy. 

5.  The  result,  97.1  U.P.,  is  the  measure  of  the  capacity  of  the 
boiler  developed  in  the  trial.  This  figure  will  be  compared  with  the 
boiler's  rated  or  nominal  cjipacity. 

6.  The  result,  9.7G  lbs.  of  coal  per  sq.  ft.  of  grate  per  hour,  is  lb« 
measure  of  ntto  of  driving  of  the  gratc-surfucc.  It  is  u  nither  low 
figure  for  semi-bituminous  coal  in  average  practice.  Taken  in  con- 
nection with  tho  high  eflicicucy  it  Indicates  exceptionally  good  firing, 
very  nice  luljustment  of  the  thickness  of  bed  of  coal  on  the  gr»le  to 
the  force  of  the  draft,  and  an  excellent  furnace,  a  combination  of  far- 
orikbla  conditions  not  often  obtained. 


SYAPORATION  TS8T8  OF  8TEAM-B0ILBR8.  379 

7.  The  rate  of  driviDg,  3.35  U.E.  per  sq.  ft.  of  heating  surface  per 
hoar,  is  a  little  higher  than  that  at  which  maximum  economy  is  to  be 
expected,  but,  with  the  exceptionally  favorable  conditions  mentioned 
in  the  preceding  paragraph,  it  may  be  the  rate  corresponding  to  max- 
imum economy  in  this  case. 

8.  The  temperature  of  the  chimney-gases,  450"  F.,  is  unusnally  low 
for  semi-bituminous  coal  in  ordinary  practice.  It  indicates,  when 
taken  in  connection  with  the  high  efficiency,  which  is  inconsistent 
with  air-leaks  in  the  setting,  a  high  furnace  temperature  and  a  clean 
boiler,  both  of  which  tend  to  produce  a  low  chimney  temperature. 
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RESULTS  OF   STKAM-KOILER   TRIADS. 


Is  this  chapter  tho  re«ulU  ut  triiils  of  se%-oral  diRererit  boUers  will 
be  gireOi  together  with  comments  which  may  be  useful  to  scudonts 
of  the  subject.  Merc  tables  of  results  uf  itiiliridiiul  boiler-tests  are 
of  little  use  until  thoy  are  col1ate<l  and  compare<i  with  a  view  to  ilie- 
cover  the  various  causes  or  conditions  which  contributed  to  the  results 
obtaiiic-cl. 

Eang^e  of  Sconomy  foand  in  Aottial  Practice.— In  Doukiu's  "Heat 
Efficiency  of  Steam-boilers  "  there  are  fifty  tables contiiiuiug  the  resitlts 
of  4'io  experiments  on  boilers  of  different  types,  The  following  table 
is  a  brief  summary  of  tho  highest,  lowest,  aud  meau  efficiencies  obtained 
in  405  experiments  with  ditTcront  boiloj-s  without  economisers. 

EFPiciBxcY  pan  ciart. 


Trpeo'BoUftr. 


"Wauu-  tub**.. 
Loeomotivfl... 

Luncttsliire 

Two-story 

Tw<».«t(»ry 

Dry-back .    ... 
Return  smoktf- 

tut>« 

Coniisli 

Corninli 

Wet-buk. .... 


S 

'I 

U 


II 
B 


64.1 
88.3 
74.4 
7«.l 
79.8 
73.7 

81.3 
81.7 
61.0 

e».6 


6S.0 

03.7 
6S.6 
67.9 
fiQ.D 
IH.7 

00.6 
08.0 
05.0 

Aa.o 


77.4 
72.5 
72.0 
70.8 
69.3 
6S.2 

68.7 
OB.O 
67.0 
66.0 


d 

o3 

•c 

Type  of  Boiler. 

■Si 

£3 

si 
^1 

7 

|l 

1^ 

70.8 

06.9 

Water-lubef.. 

49 

77.5 

60.0 

Lancashire 

40 

78.0 

51.9 

11 

60. U 

60.0 

LaoeaMhirc.... 

107 

79.5 

43.1 

6 

73.4 

04.8 

Ijtncaaliirft).. 

6 

66.7 

63.0 

» 

80. 0 

04. » 

LaDcatliire.... 

8 

74.8 

40.9 

Vertical 

6 

76.5 

44.3 

oS 


65.S 
64.V 
04. ft 
62.7 
63.4 
61  .V 
fi«.4 

67. S 
06  » 


•  I>i4n.  lubM.      1  44a.  tobM.      t  Tbnie-flu*. 

About  tho  only  conclusions  iliat  mav  be  drawn  from  this  table  arft 
that  with  mauy  rlifferent  varieties  of  boiler  there  may  be  obtained  effi- 
oieucies  which  are  so  high  as  to  be  scarcely  credible;  that  with  the  name 
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types  of  boilers  in  other  triitls  the  reHtilU  are  so  low  that  Lhey  can  ouly 
be  rtcoouuted  for  by  iinpropei'  firing  or  eome  other  unfavorable  condi- 
tion; and  that  economy  does  not  depeTid  on  the  type  of  boiler.  In  107 
tests  of  Laucashiro  twu-flue  boilers  tbo  efScioncios  varied  from  79.5 
down  to  A2.1  per  cent,  or  all  the  way  from  nearly  the  highest  possible 
figure  down  to  the  lowest  one  obtained  in  the  whole  series  of  t«st.5. 

In  Mr.  Geo.  H.  Barrus's  book  on  JJoiler  Testa  there  are  records  of 
B  great  number  of  tests  with  different  kinds  nf  boilers,  with  different 
coaU,  and  lu  different  parts  of  the  cotuiti'y.  Selecting  those  tetitii  of 
which  comploto  records  arc  given,  wo  find  the  economy  ranges  as  fol- 
lows: 

Wslor  ErnporAttMl  Troni  uml  &i  Xl^        NumlMr  of  usu  Number  of  tetu  ltumb«r  of  i««u 
IMrlb.  CoiiiUiiKtibh;.  JUiihraeita.  Beol-biU  BitumUiuaa. 

or«ir  12  IIm ,.                   'B  .. 

ll.St«121b« a  fl  .. 

11      lolI.ISIbfl 10  S 

lO.Otolllhs SO  $  .. 

10      tolO.Qllw II  S  1 

0     tolOllM 14  A  9 

8      t<i    011)1 8  1.. 

0      to    7lba 1 

M  B4  8 

Out  of  66  tests  with  anthracite,  only  two  gave  a  result  over  11.5  lbs.,, 
a  fignro  which  may  bo  reached  with  any  type  of  boiler,  properly  de- 
signed and  act,  by  a  good  Grcman  using  good  coal.  Twenty-three  oat 
of  the  GG  boilers  gave  a  result  below  10  lbs.,  or  20  per  cent  less  than 
the  highest  figure  attainubio.  In  tLe  semi-bituminous  tests  only  six 
boilers  out  of  34  gave  12  lbs.,  a  figure  which  may  easily  be  obtained 
with  any  good  form  of  boiler^  properly  proportioned,  properly  set,  and 
properly  fired. 

Spence's  Zxperiments  cu  the  Effect  of  Varying  the  Air-sapply,* — 
Tte  experiments  were  made  in  1887  with  a  "dry-back"  type  of 
marine  ooiler,  14  ft,  9  in.  long,  6  ft.  diameter,  with  H8  2}  in.  smoke- 
tubes  5  ft.  i>  in.  Iouil;:  heating  surface,  44G  sq.  ft.;  gnite-surface,  14. G 
sq.  ft.;  two  iutornal  furnaces,  with  top  of  gnite-bars  1  ft.  3*  in.  from 
crown  of  furnace.  Tho  experiments  were  all  made  with  the  same 
coal,  fireman,  an<l  steam-pressure.  The  object  of  tho  first  series, 
eleven  tests,  was  gradually  to  increase  tho  air-supplv  from  12^  lbs.  per 
ponnxi  of  coal,  an  insutlicienl  quantity,  to  a  sufficient  quanlitv  of 
17,3  lbs.,  10.4  lb«.  being  theoretically  required  for  com]dcto  corabus- 

*  From  Donkin'e  "  lleRt  ElBcic-ncv  nf  St^Rm-bollen."  p.  00.  Orii^ool  in  the 
TraiuutloDs  o'f  tbe  Nortlieul  Couit  Engineem  and  SliiftbuUdem,  voL  4,  1886. 
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tion  of  tlie  coal,  Otiier  condilioiiH  were  kept  nearly  constant.  The 
Bteuni-prefisure  was  j&  lbs.  Tlio  huiiting  valuo  of  tho  dry  cuiil  (New- 
cuttle  nut)  was  13,530  IJ.T.U.  per  lb.,  and  it  cuutained  from  1.*^  to 
3.55  asli,  as  shown  by  ihu  bujler-lest^n. 

Tho  first  set  of  oTperimentB  was  made  with  natiirnl  draft.  A 
second  set  of  firo  tests  was  tiuide  wiili  forced  draft,  the  air  per  |>oiind 
of  coal  being  varied  from  17.5  to  Ti.O  lbs.;  and  a  third  set  of  eight 
teits,  aUo  with  forced  draft,  was  made  with  the  grute-burs  Towered  to 
1  ft.  6i  in.  below  the  crown-aheet,  with  the  uir-aupply  from  17.1  to 
22.9  Ibfl. 

Tliti  following  are  the  principal  results  obtained: 


Kumtor 
of 

ATM 

of 
Ontin. 

8q.  Ft. 

Coftl  per 
89.  Foal 
Of  Untie 

Hour. 

WftUr  B*ftpor«i«d 
fromuidusm. 

Trmpent- 
tur« 

At  EbJ 

or  Boiler. 

Ppr 

C«Nt. 

Pill' lid 

of  Hi-nlliiK 
Hour.— Lte. 

Ver  I'uiiiiil 

of  CdM. 

Dm. 

7 

8 

14.e 
14.8 
14.6 
14.6 
14.6 
14.6 
14.6 
14.6 
14.6 
14.6 
14.6 

17.5 
18.1 

17.8 

ia.6 

18.6 
18.8 
18.4 
18.5 
17.0 
17.6 
17.4 

5.37 
5.6 

5.48 
B.74 
5.78 
5.05 
5.86 
6.07 
5.67 
5.93 
591 

9.16 
9.36 
9.36 

9.38 
9.48 

9.ei 

9.Ud 
10.01 
10.19 
10.33 
10. 25 

779*  F. 

815 

728 

768 

764 

757 

775 

748 

788 

767 

701 

65.0 
G5.7 
66.4 
65.8 
67.1 
68.3 
68.6 
71.0 
73.3 
73.3 
78.7 

13.36 

18.1 

18.8 

14.0 

16.6 

16.« 

1T.8 

18.3 

30.4 

17.8 

ia6 

18 

14 

16 

16 

17 

18 

19 

30 

21 

22 

38 

34 


voHcBD-DaArr  thsth. 


10.1 

43.7 

8.79 

9  06 

1100' 

64.7 

7.5 

40.4 

6.B 

9.57 

919 

67.8 

6.38 

88.0 

6.6 

U  15 

944 

61.8 

8.35 

3L1 

5.4 

9.43 

873 

641.8 

10.1 

38.8 

e.6 

9.89 

984 

06.6 
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7.3 

89. 5 

6.0 

9.41 

760' 

66.7 

7.3 

37.0 

6.4 

10  67 

7SS 

76.7 

7.3 

87.7 

6.8 

10.39 

7W 

78.6 

6.8 

40.3 

7.0 

().g.j 

835 

70.6 

9.8 

80.8 

7.0 

9.29 
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66  9      1 

5.8 

47.5 

6.4 

10.35 

739 

78.4 

6.3 

86.8 

5.4 

10.85 

741 

76.5 

8.8 

81.6 

8.9 

10.37 

fi9S 

73.8     1 

i&a 

96.6 
33.0 

ao.7 

17.5 


17.1 
90.8 
30.8 

•w.o 

30.0 
31  8 
330 
18.0 


■  Tbd  rapnrtnd  lir«lf(>it  taIim:,  tS.090  R.T.1T.  per  Ih.  dry  rnnl.  with  front  l.t  to  t.H  mab.  In 
brob«blTinDeh  lowvr  than  Ih"  true  r«luH,  Mid  Uie  roporiea  vdlcleucin  ara  ttiimtor*  pruUibly 
aljtber  uuid  ib«  aeiual  elOctMKiwi.  ' 


Lb6.A*K  per  \b.  Owl. 

FlO.    119. — SrUSOE'tf   EXTEKIMHNTH. 


HtPiidy  inereaise  of  efRciency 
OB  tlio  air  per  poiuitl  of  fuel 
incrciaHeE  from  l:^  to  18 
lh«.  Ill  the  SGooiui  not,  with 
foroci]  draft,  ami  with  air- 
supply  from  27.5  to  26.6 
lbs.  ull  tlui  rcRultK  are  low, 
rtue.  no  doubt,  io  the  com- 
buatiou  being  imperfect  on 
arronnt  of  the  inRuffinient 
room  iu  the  fire-box.  In 
the  third  series  the  air-rtup- 
ply  ntnj^ea  only  from  17.1 
to  'i'i.ii  lbs.,  and  the  results  are  erratic,  an  air-supply  of  20  lbs.  jier 
pound  of  coal  giving  both  the  lowest  aiid  the  highest  efficiency;  or 
65.!)  and  75.7  per  cent.  The  differeniTe.  !>.K  per  <*ent.  which  is  13  jht 
cent  of  the  higher  figure,  is  not  accounted  for  by  anything  In  the 
ro(!or<l.  The  htwcr  figure  van  probuhly  due  to  ttonie  error  in  the  firing. 
The  low  flgnro  in  the  second  iwt  of  testi*,  r.4.7  per  cent,  ii<  partly 
aoeountcii  for  by  the  rate  of  driving  being  uiitch  liighcr  tliiiii  in  the 
other  tejrta. 

Besults  of  Te«ts  with  Small  Sizes  of  Anthracite  Coal.— The  table 
on  page  .184  gives  the  rcsmJts  of  five  tests  with  tmall  eizes  of  untbm- 
cite  coal  reported  by  Eckley  h.  Coxo  in  Trana.  Am.  Inst.  Mining 
Engineer**,  vol.  xxii.  I8iKi.  All  were  ma4le  with  the  Coxo  travelling 
gnito,  the  first  four  with  two  Stirling  water-tube  boilers,  and  the  fifth 
with  a  gnnip  of  thrcM*  cylinder  boilers  with  two  mnd-drtims  wndor- 
neath.  set  nver  a  single  furnace,  with  a  c(u>t-irou  water-tulje  Ijoiler  in 
the  Hue,  containing  nearly  as  much  heating  siirfaoo  im  the  cylinder 
boilere.    The  following  remarks  ou  these  tests  are  made  hy  Mr.  C'oxc: 

The  plant  at  Oneida  No.  3  nonsists  of  two  I.IO-II.P.  Stirling 
botleni  of  the  ordinary  type  to  whicli  this  grate  bus  been  applied.  Iu 
this  cam-  a  fire-brick  arch  covers  alm<»st  the  whoh;  of  the  grate  an<l  the 
ga»c«  from  the  entire  grate  mingle  at  the  outlet.  The  rt*nlt  nt  Imving 
this  fire-brick  arch  is  to  keep  up  an  intense  heat  over  thokgratc,  giving 
a  chance  for  most  of  tlio  carbonic  oxide  to  unite  with  the  oxygen  of 
the  free  air  before  the  ga»es  become  cold  by  contact  with  the  heat^xl 
surface  of  tho  boiler.    It  appears  prolHiblu  that  it  will  be  an  advant4ige 
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RESULTS  OP  TESTS  OF  PEA   AND  BTTCKWAEAT  WITH  TWO  TVPK9 
OF  BOILERS  AND  COXE   TRAVKLLINti  UHATE. 


Kisn  or  Fcel  d»ed. 

Poaodfl  of  wnior  «T«p(inlK)    frnio 

and  at  il 2"  F.  jwr  lb.  drj  coal. . . . 
Poiinilx  nf    wal'T   ««vaporat«l    from 

aJitl  aX^M'  K.  per  lb.  coiulmiitiljle 
PoUDils   iif   wnler   irvaporaletl   from 

aittl  at  212'  K.  |>8r  hour  per  >q.  ft. 

of  bfuting  surfare 

Pouiidfl  ni  coal  p«r  Bquara  foot  of 

gnito  per  boar . .    . . 

Avorftga    tetnp«rature  of    eacAping 

gnaus,  dugreett  F 

IIorHe-powiT  actuallj  derelnped. . . . 
8<]uarc  fi'it  lifiLting  anrtacBpst  H.P, 
IVrceiita^f  uvt>r  rated  capacitor.  ... 

K(ui»tur«]  in  rual  a»finKl 

Pi-r  cfnt  of  a^li ..,..,,. 

CarbiiD  in  ».%\\,  [>cr  «tnt 

Pivanuro  of  si>-it)ii,  average 

'•       "   blMDt,  in,  of  wat«r 

Temperature  of  foed-watwr,  arerage 

AxALVfiis  or  Coal. 

Water  ai  22a"  F... 

Volatile  vutu'iuatilile  matter 

Ash 

Kixp'l  (.'arlMiD 

Rpecific  gravii; 

SlUNO  'I'WT. 

Cliestnut  ovtT  \"  maud  mi^h 

IVa  coal  b(.-IWL«ii  j  and  A"  r'd  iDMh 
No.  I  buckwli«*l  Iwtw.  -ft'  *  I"    •* 

No.  3     "      •*   r*A;'  •' 

No. 3        '•        ;■   A'* A"   •• 

Betvre<.-ii  A"  *  A' 

Dust — tlirongli  A"  ^^^  (rouDd).... 


Pvaeoal. 


EI.S6 
10.14 

8.70 
13.«8 

S73.8 
».85 
24. 9« 
2.93 
15.  BO 
15  85 
189  Ibfl. 
I* 
65 


SIS 

6.10 

13,55 

80.90 

L630 


9.<A 
8a  85 
31  70 
8.6a 
L40 
4.18 


100.00 


a. 

OnpUla 
No.  I 
Duck- 
wb«ai.| 


7.M 

10.  oe 

8.21 

18.5S 

543 
848 

10.05 
14.38 
4.06 

20.10 

I3.S5 

134  Iba. 

67 


3.0O 

4.^(1 

17.85 

75.75 

l.S«4 


.96 
6.80 
57.7-4 
88.74 
3.89 
1.49 
L8& 


100.00 


3. 
Oneida 
No.  II 

Baek- 
wli«aL 


8.30 
10.57 

8.18 

11.40 

496 
813.8 
11.08 
4.3(1 

8.63 

18.71 

9,38 

188  ItM. 

r 

6S 


2.10 

5.45 

15.50 

76.95 

LB55 


.81 

4. 76 

66.07 

10.87 

2.89 

0.10 

100.00 


4. 

OMida 
No  8 
Duck- 

wbeai. 


6.65 
ILII 

3.18 

11.84 

808 

813.8 

UOS 

4.36 

6.58 

33.37 

81  .W 

IS-I  Iba. 

lA' 
68 


S.05 

5.43 

13.90 

79.68 

1.643 


1.60 

458 

17.70 

45  95 

19.79 

1U4:^ 


100  00 


fl. 

Eckler 
Vo.i 
Buok- 

WlHWt. 


8.74 
11.10 

8.0« 
S.44 

378 

169 

n.ss 

4.93 
31.3 
29.6S 

n" 
m 


S.fiO 

5.00 
18.97 
78.52 


1.31 

3.60 
81.94 
49.56 

6.UI 

8.87 


100  00 


to  roraove  the  boating  iinrfare  of  the  boiler  from  the  comhtistion- 
cbumber  80  that  the  gaaes  Mrill  not  nome  iti  cuiitact  with  the  tttoler 
iron  surfiK'L'  until  the  ourhonlc  oxide  Ims  Iwcti  t'litirply  hurued  and  a 
thonm^'h  oiinglinjf  of  ull  the  pa«t*s  bus  taken  plai^o. 

We  have,  we  think,  efit:tI>li>^b(Ml  one  fact,  and   that  is  tliat  tlu'  sjjte 
of  the  coal  does  not  materiully  ufTeci  the  iiumher  uf  pounds  of  wnter 
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■eraporatod  por  pnnnd  of  onrnhnstible .•  It  does  alTeut  the  numher  of 
pounds  of  water  pvapomtod  ppr  iy{iiaro  foot  of  heating  flurfaco.  The 
tempomturo  at  which  the  RmuIIer  ooalK  burn  is  not  aA  great  as  that 
developed  by  the  larger  coal,  and  therefore  1  w|.  ft.  of  hei»tiiig  ^urfuee 
trtll  not  alisorb  as  nmch  heat  when  wo  use  Fuiall  cnRl  a*  whiti  wt'  use 
large;  but  the  ocnnomy  {thiit  is,  poiindu  of  water  evu]>nmted  per 
ponnd  of  rnjil)  appears  to  be  about  the  sjirae  in  all  case-s.  <,lf  course, 
the  rommerriiil  vuhu'  at  present  of  Ko.  ^  hiiekwheat  is  rerj-  nnwlj 
less  than  that  of  pe-a  eoal. 

DiTiifii^ionR  am]  proportion!):  For  testa  Xns.  ],  "i,  3,  and  4,  two 
Stirling  water-tube  Ijoiierti.  Karh  Ixiiler  4  dninw,  viz.,  one  42  ins. 
diani.  and  throu  3ll  Ins.,  each  lOjJ  ma.  lung:  155  3^-in.  tuhcin:  hejit- 
ing  surface  1725  &\.  ft.;  buildi-r's  raliug  150  H.P.;  gmt«  G  ft.  wide 
by  0  ft.  2  infi.  long  =  55  m,  ft.:  ratio  heating  to  gratw-gurface  .11.4 
to  1.  For  tout  Nij.  ft,  oylhiucr  boilerw  with  improved  .setting,  cuntHst- 
ing  of  'A  main  dnimit  34  in^.  X  SO  ft.  ,ind  'i  uiud-drunis  34  inn.  x  20 
ft,  4  itiH.  witli  K  short  eflnucctions.  4  14-in.  and  4  lO-iu.  dium.;  heat- 
ing Burfaee  of  nuiin  drums  r>7o  sq.  ft.,  of  uHid-dniiiw  SH.**  i*q.  ft.,  of 
counections  21  sq.  ft.;  together  with  a  ciwt-iron  water-tube  boiler  in 
the  flue,  with  tnbi-a  3^  ins.  inside  diunieter,  heating  eurfaee  ftT3  sq,  ft.; 
total  healing  surface  18*:2  6([.  ft.  Grate  7  ft,  (J  ins.  wide  x  9  ft. 
2  ins.  long  =  G8.7>^  Rq.  ft.  Kjitio  of  heating  to  grat^-surfaoe  27. ** 
tol. 

CommtrUa  on  the  above  Te«U.—\t  appears  that  in  teat  No.  1,  with 
the  |»ctt  cutil,  an  evaporntioii  of  only  IU.14  lbs.  from  and  at  212**  per 
lb.  of  combii.-'tible  wa^  obtained,  as  rnjnipared  with  11.12  llw.  in  ((-et 
No.  4  with  Xo.  3  lau^kwheat,  Tlie  more  rapid  nite  of  driving,  3.70 
lbs.  per  sq.  ft.  of  heating  surface  per  hour  aa  compared  with  3.13  Ib«., 
is  nut  snflicit-nt  to  a<H:ouut  for  tho  dilTerence,  which  ia  nejirly  I<»  per 
cent.  Thti  higher  tenipenitnro  ofl  tlie  escaping  gu8es,  541'"  as  c*>m- 
parod  with  503°,  would  account  for  a  loas  of  5  )>or  cent  if  the  fnruaoe 
t<fmperature  were  23t)0°  in  both  vmk^,  but  with  the  wnno  air-supply 
the  furnace  tomperatiire  should  ho  lower  with  the  buokwheat  cool, 
nnt-o  it  contaiued  ti.53  jK-r  cent  moisturo  while  tho  pea  coal  contained 
only  3.1)3  per  cent,  and  the  buckwheat  coal,  other  wjnditionB  being 
prjual,  should  therefore  giv«  lower  twonomy  than  the  pea.  It  is  likely 
that  tho  low  economy  in  t««t  No.  1  is  duo  to  cxoceaive  air-supply,  and 
that  a  nitu'h  higher  result  might  have  been  obtained  if  the  test  hod 
been  rppcatwl  with  a  thicker  Iwd  of  coal  or  with  a  better  regulation 
of  the  air-supply. 

TeJits  N<w.  4  and  5  show  u  very  <-lo«e  agreement,  in  quality  of  coal, 
iu  rate  of  burning  and  of  cvap«)ration,  «iu]  in  economy.     Tho  great 

*  A  different  ronolt  &pi>ea»  to  liBve  bc«n  obtatnod  io  Mr.  B«rruB's  taita  with 
SUrliog  bullern,  diiicuMted  lat«r, 
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differouco  iu  thwe  two  testa  ia  in  the  type  of  boiler,  test  Nn.  -4  boing- 
ffiUi  a  Stirling  water-tulie  boik'r  with  »  fire-brick  arch  furnace,  and 
No.  5  with  a  cylinder  boihT  34  ft,  lung  fiijiplenieiited  by  ii  i*itst-irfm 
water-tuUu  boiler  iu  the  fliu\  The  a<hi»itago  of  tliu  firt'-brick  nn-li 
in  BecurJTig  conip1(*te  ronibuKtinn  of  the  rolutile  gtuu'id  ditstillrd  (rum 
tho  coal  and  those  fMrm(><l  by  dwompcflitton  of  its  moisture  is  jiroh- 
ably  equalized  by  tlu-  lung  trnvL-!  of  the  gnsL'S,  ^4  ft.  under  the 
cylinder  boilers,  wlilcii  wotitil  also  tend  to  gecuru  rom]>lete  combuMion. 
The  abrtorptivo  rai>anty  of  tliv  hesiting  piirfaee  uf  the  two  boilers 
seems  to  bo  i-qiml,  confirming  tlio  i»tHtcment  that  tho  economy  of  & 
boiler  diMta  not  depend  upon  the  type,  but  upon  the  conditions  under 
which  it  is  operated. 

Teits  of  Stirling  Boileri  with  Anthracite  Coal*— In  1894  Mr. 
Goo.  n.  liarnia  mado  a  etTit-a  of  nine  testa  on  two  Stirling  w»ter-tnbe 
boilers  at  two  colliericfl  noar  Wilkes-liarro.  I'a.  From  the  n*portd  of 
thesti  tcfitti  the  tabic  and  diagram  an  |ingeH  :i87  and  388  have  Ite^n  pro- 
panid.  Tet^ta  Nos.  1  and  2  inclut<ivu  were  nmrlc  on  »  125-11. P.  boDor  at 
No.  •1  slmft  of  tho  liohigh  ;ind  Wilktw-Iiarre  Coal  Co.,  and  No*.  >f  and  9 
were  mwle  on  a  I-W-II.!'.  boiler  iit  the  Di>rranef  colliery  of  the  Lehigh 
Valley  Cual  Co,  The  rating  of  the  boilers  Is  on  the  basit)  of  1 1  j  gq.  ft. 
of  heating  surfaeo  to  ii  hfjrso-power.  Forced  dnift  was  Bn])pliod  by 
McClavo  Hti'am-blowert!.  T3ie  vxmsX  used  in  the  W!V{'ral  teBtn  dilTered  in 
size  and  quality.  The  ftizes  were  determined  by  passing  samplos 
through  and  over  ecrecns  of  different  meshes  and  weighing  the  por- 
tions thus  i:tepamLt!<l.  The  coal  used  in  live  of  the  tests  was  as  ftdlows^ 
the  figures  being  given  in  perraniagoe: 


aiua  o(  8or«a«t. 

OMf^. 

Tltmugh 

A- 

Tlimugh 

tlimugli 
A- 

Tbraugb 

Teit  No.  8.     No.  S  buckwhual  .... 
••    ••    0.     Calm.  No.  .•>  ali»f  I . . . 
••     "    7.     (.'iilm.  No.  4shafl.  .. 
"    ■•    8.    No.  2  biickwheou  ... 

SO 

IS 

45 

S 
34.1 

8.B 
10.7 

10 

n 

66 
ft? 

11 

es 

67.9 

a$fi 

•'     "    9.     No.  3  buckwbMl .... 

K:..| 

A  Siudy  of  the  RtiulU  of  the  ^Stirling  Tests. — For  eomporing  tli© 
results  of  these  tests  they  have  been  plotted  on  the  aecom|MU]ying 
diagram.  Fig.  120,  showing  the  relation  of  the  water  evaporated  per 
pound  of  combustible,  or  the  economy,  to  the  rate  of  driving,  or  the 
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•  From  Mint*  and  MinaraU,  I)ec«nib«r,  1867. 


lb  and  clinker,  ]>er  c«nt. 

ea  i>f  KTntc,  nq.  ft 

ktioofj^rai(>tobe*tinganrfarn,  1  Ui 
itlHUvti<»i  in  sUwk,  ins.  uf  witur 
Draft- 1 1  resit  uiv  \a  anti-jiit,  Iiim. 
i8teaiu  usuil   tu  run  blowerti,  estl- 
mat.-il  H.P 
aiil  bunieii  per  hour  per  square 

fixil  of  K^'^'*'<  "'* ■  •  ■ 

Tutor  ovftpomtfid   per    boar  per 
)UU«  f<i»t  beating  HiirfM'a,  IIr). 

WW-power  d<>velo]n*fi,  li.P 

I.P.  above  Itoilcr's  rating,  i>er  ct-nl 

Lr4>rai:e  tcDj^vralureof  tlue-ga«e*i, 

tlejjjvifs  F.  nlniot 

Watur  c>ra[icinit«<l  from  and  at  312' 

|MT  pound  (if  coal,  llnj 

Water  ovaporutvd  from  and  at  SIS* 
per  pound  of  comboMtible 


Ifomtwr  of  T«tt. 


TaM  for  capacity  or  •eoaamj. 


Kind  of  coal . . . 


Aiili  anil  clitiiker,  per  c«nt. 

Area  of  ^ate,  sq,  ft 

RBti(>i>f(:raU<tuliaating!iarfac<>,1it) 
Driift-siictioii  in  niack,  Imh.  of  water 
Draft- prt^Miiru  Iti  aali^plt,  InR.  . , . 
Btvaiu  used  to   run  bluweni,  etili- 

mau-d  II.P 

Coal   bunii>d  per  lioiir  per  Hqiiare 

fuot  uf  grate,  Iba 

Water   fivafHiratt-il   ^H<r    hour   jmit 

»qiiare  foot  beating  surface,  Ibit.. 

Hora(.-p(>wi>r  ili^TfliipMl,  H.I* 

H.P.  abi>veboiler'ti  rating,  perceot 
Average  temjMraturK  of  flite-f«M«, 

d  '(rreea  F.  about 

Water  nvaporatfd  from  aad  nv  SIS" 

W[»fr  poiiciil  of  ciinl,  Ibn 
Bt«r  eTniwmted  from  and  at  212* 
per  pound  of  oombuatlbto 


1Z4.S 

7.S 

483 

fl.133 
10.745 
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NiM.  8  iitul  M  vas  of  »n  inlcruuMliatc  oize  betwcci 

luiil  i\\\\\\\,  uiu)  \\w  iliii^mm  tthiiws  that  the  results  given  by  it  un'  aUo 

inU'niKMliiiti*  lH*tw()rii  those  of  the  other  coals. 

*V\m>  nwilto  plottod  ill  the  diagruni  are  the  poniids  of  wator  ctb] 
umtrd  por  pouiut  of  eoiuhiistihlo  and  not  i*cr  ponnd  of  coal.  Si 
tht<  (sinihiiHtihhi  of  all  the  xswtln  usetl  in  these  te-sts  is  prartioallj  of 
idenlii'al  qnulily.  it  nii|;ht  lie  expeeted  that  all  the  cokI»  would  give 
tho  *«n»e  result  ]»or  jwinid  of  combustible,  and  that  results  per  pound 
of  timl  wonM  corresiwnd.  except  a«  they  are  influenced  by  different 
p»»n'entHJ^'*|  of  moititurti  and  ash.  The  plotted  results  show,  howeTiT* 
thai  nlthou){h  the  eombuEnlihle  portion  of  all  the  coals  may  be  ideotirml 
in  i|ua)iiy,  it  fflres  different  resnlts  when  it  is  oontaised  in  coal  c€ 
dtfTerenl  iiiivu  TesU  No«.  3,  4»  and  i>,  with  the  largest  rixe  of  bnejt- 
whi«t  eoal.  give  the  best  reealta,  tect  Noe.  8  and  9  with  finer'SiBed 
huokwbmt  tfire  n>icn1u  much  lower,  and  teet«  Xo&  6  and  7,  with 
vulni,  tM\\  lower  re«nlts.  Te«t«  No&  1  and  %  both  exceptionallr  ky«. 
mav  1*0  neiihvted  from  the  comparison^  as  they  were  inflaenc«d  bj 
wtiftKXAimble  oonditionut,  «ich  as  mixing  of  gizee  and  nneren  adjiuftBMBl 
Ci(  I  lie  air-«))aivs.  The  best  resalt«  obtained  with  the  lar^i  wiwiA 
^v'k«ht>al  \t«l.  al4«\  are  from  A  to  7  per  crat  below  the  beet  nwMB 
■Wiinrll  in  the  IVntennial  te«t«  with  egj^  coaL 

A  naMiiMble  tkeory  to  acooant  for  th«  r^nkr  decreaw 
vtnttWm  (Hv  piMind  of  cooibastiUe  as  t^  sue  of  tbe  ooa]  is  wm 

lo  b»  tW  followinjr:  When  «g;  or  othM-  kige-«ued  coal  fe , 

'« tMek  KM  of  U  i*  rarricil  oa  tbe  grate,  throogli  wfak^  the  sir  ^^mm 
'Vi^ti  vxtmparaimi  nnifonnity.  The  hunps  of  coal  bam  away  ^mrh; 
iMM  iWmHWw;  fnwb  ci<a1  k  fired  at  km;  interrals  of  timr,  ax>d  t^ 
of  Um  fiiv  is  always  nearty  the  save.  If  the  draft  »»*J  t^ 
«(  thn  Wd  airv  pn>perlT  related  to  tack  other,  and  the  hate 
VvH^MlgM^th*  »agfa— ■ "  1  BiBiMf  powbte  with  the  .x«I  ^ 


Wilh  t»er-«atd  coaK 


a  thiiUMT  bed 


nhfelin^  la  tha  fcm*  o(  draft:  air-holes 


«|i«h» 


too  glial  a  sapph-  of 


Ek^ 


«ha»  aa  inoiftciettK  sopplr  ii  fUuihed  to  ot^r 


fMh  <w*l  w  And  at  favqnesa 


<d«h» 


oCeaU 


the 


aodtfae 
^  to  < 


■■vvliaig 


«Ml 
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thn 


MSSiriTS  OF  BTEAM-BOILBB  TRIALS. 


8n 


or  tvD  after  it  W  tira»  to  f!re  fresh  <;4>h1,  Hir-lioles  will  form  rapidly, 
while  whU  egg  noal  u  period  of  five  minntes  makc«  hut  little  differ- 
ence. 

Mr.  Llarnie  gives  in  his  reports  of  those  tests  a  statement  of  the 
**  efficiency,"  «r  ratio  of  the  heut  ahsorhed  by  the  boiliT  to  the  heating 
Talne  of  the  coal,  in  the  several  economy  teats,  as  follows : 


Test  So. 

1 

6 

s 

Cfttii. 

Buck- 
wheat. 

Culm 
No.s. 

Culm 

No.  <. 

Buck- 
«b«at. 

1.  RenliniT  valitr  of  coal   por  lb.  of  com. 
3.  Water  eva|)orBlion  fnici  and  at  312*  per 
8.  Hoat  tiiillxfil  (lino  2  X  9W)  B.T.U 

13,877 

11.449 

11.080 
79.6 

18,985 

10,745 

10.S60 

74.8 

14,044 

fl.MO 
9.611 
68.4 

14,157 

10.49S 

10.188 
71.6 

The  uiaxiinuiu  range  of  variatioit  of  the  heating  valnes  of  the  four 
coaIs  is  only  '270  B.T.U.  per  pound,  or  less  than  2  per  t;«nt.  It  is 
probable  that  nil  of  the.io  heating  values  are  too  low,  due  to  imperfeo 
tioii  cjf  the  ralitrimeter  by  whicli  they  were  detern»ined,  nr  possibly  to 
the  fact  that  the  samples  nsed  were  not  thoroughly  dry  (the  heating 
T.ilne  of  anthracite  calculated  from  the  aualytfis  is  n8uully  about 
^_^14,K00  H.T.U.  per  pound  of  combuBttble),  and  that  the  efficionciei 
^^^^«oorded  are  con^quently  too  high,  but  the  ilgnrej«  give  relative  values 
which  may  b©  accepted  as  correct.  The  reported  effiftcncy  in  test 
No.  4  h  70.0  jier  cent  and  timt  in  No.  T  only  C8.4  i)er  cunt,  although 
the  boiler  was  driven  at  prartically  the  same  rate  in  tlie  two  tests. 
The  falling  off  iu  efliciency  of  (Ti).C  —  G8.4)  —  70.fi,  over  14  per  c-ent, 
shows  how  much  jxKirer  a  fuel  j>r:ictiuilly  the  eiilni  is  than  Imokwheat, 
per  pound  of  romhustiblc,  although  the  coinbustiblo  itudf  in  the  two 
coals  is  uf  identic^]  quality.  The  jiraetieal  value  of  culm  i>er  pound 
of  coal  \s  further  reduced  by  the  greater  percentage  of  vslx  and  moist- 
ure it  usually  contains,  as  compared  with  huclrwheat. 

The  results  of  these  tests  show  that  the  efliciency  of  any  given 
steam-boiler  is  not  a  constant  quantity,  that  it  varies  not  only  with 
the  rate  of  driving,  but  with  the  qnnlity  of  the  coal  ant)  even  with  the 
size  of  coal  of  the  same  (juality. 

Another  useful  lesson  to  be  lettmod  from  these  tests  is  in  regard 
to  the  capacity.  The  three  capacity-tests  with  buckwheat  coal, 
Koe.  l,5f  and  8,  gave  a  horse-power,  respectively,  131,  132,  and  84 
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per  cent  above  the  rated  power  of  the  boiUn-.  and  the  highest  ec<>n<»my 
wiis  obtained  wlien  Lhu  boiler  n'aH  drivei]  !li8  per  cent  above  its  rating. 
Whether  any  higher  economy  could  have  been  obtained  with  thifl  coal 
if  the  boiler  hud  btion  drive-U  at  a  lower  rate  cannot  l>e  Kuid,  for  no 
test  was  made  ht  h  lower  rate  with  buckwheat  coal.  The  threo 
capwity-legts  with  culm,  Nos.  4,  6,  and  7,  gave  rcMpertively  5,  8,  and 
A'y  per  cent  above  rating,  although  the  fort:e  of  draft  was  practieaUy 
the  Eame  as  in  the  tests  with  buckwheat  ooal.  It  a]>pcarfl  thuu  tlmt 
a  boiler  will  not  develop  the  same  hunie-power  from  culm  aa  from 
buckwheat  unleaH  the  gnite-Burfat'c  or  the  draft,  or  both,  are  increaj^etl. 
Cornpaiativfl  Trials  on  Three  Two-floe  Boilers  with  Pittsburg 
CoaL — Tbcae  tests  were  made  by  the  Shoonberger  Steel  Co.,  Pittsburg, 
Pa.,  in  189T,  to  determine  the  etliciency  of  the  American  Umlerfeed 
Stoker  a«  comjtarod  with  flat  gratca  when  applied  to  two-flue  boilers. 

(IrKte-Hurface.  total  of  Iliree  Ixiilem,  00  st\.  ft. ;  water^bentlnff  surf«ca,  1335  aq.  fl.; 
ratio  of  Iteating  v>  grale-f)urfac«.  18.<L 


DuntloD,  lioars 

StMin-preesurebjrgmuge.  ponnds 

Tatup«r«lure  of  mcaping  gases,  *P. . . . . 

•'  '■  feed  wal«r,  'F. 

Siit«  of  coal 

Qimntiir  of  coal  oonsuniMl,  poumis 

Kf  fuKe,  ptT  cent 

OmiI  pff  s*|uar(.'  fwjtof  gralc  pprboMr,  Itw. 
Tolal  water  ac^lually  evaporated,  |)ouudii. 
Wal4<r  IM-T  lioiir,  vi|uivB]viit  frciui  nnd  at 
212"  F.. 


|>ouuds. 
Water  pvr  boar,  |ht  equara  foot  livaling 

Hurfacft,  poaodH 

Eraitorutiou,  apiian-iil^r  ll>.  nf  c<xal.  Ibo. 
ETuitoration,  frotii  aod  at  3l2*  F.,  Ibi.... 
Uorse-powrr  dtrvi-loped  , 

Iluildere'  rating 

Itatio  uC  U.P.  dovelopnl    to    bnildera' 
rating 

Hvatiiigstirfnce  perlmrsv-power,  K).  ft. 
Per  cent  Increase  of  capacity  by  tbe  tiae 

of  stokfir 

Percvnt  iacreaso  evaporation  per  pound 

of  cuil    as    shown   by   tlie   AtneHcui 

i^toker  orer  hand-flring 

Bfficiency  nssntuing   tlie    b^ating^  value 

per  lb.  eombnatitile  at  15,000  O.T.U., 

per  cent 


IljUMl>nrv. 


8 
101.3 
818.8 
1-IB.9 
Ran  of  Mine 
13.SO0 
12 

ie.7 

82.100 
11.844 

9.086 
A  72 

8d7.8 
120 

».78 
8.72 


Amerloan  Stoker. 


SnmoiBr.  Capactly. 


8 
101.09 

7;is.i 

15&.D 
Kirer  Slack 
lO.AUO 
0.40 
14.6 
03,140 

13.658 

10.33 
8.775 
0.040 

8W.7 
120 

8.0S 
8.84 


828 
171.8 
Itirer  Slaolc 
12.300 

10.4 
100,917 

15.60O.S 

ia.78 
8.404 
«.BTT 
403 
190 
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RRSULTS  OF  STEAhf-IiOlLER    TRIALS. 

The  reaulU  of  t1ie»Q  testa  are  of  interest  for  many  reasons.  The 
hand-flred  test  is  fairly  ropresontatiTe  of  what  was  every-day  praotico 
with  the  two-flin!  boili-r  in  fliR  Pittsburg  irmi-inills  utilii  the  geiicnil 
introductioD  of  wal*r-tnbo  bowlers  find  improved  furnaces  and  methods 
of  firing.  In  thif  test  the  boiler  was  driven  at  S.73  times  its  rated 
power,  the  flue-gasea  escaped  at  RIG"  F.,  and  the  calculated  efliriency 
is  only  43.3  per  cent.  In  the  "economy'*  te.st,  so-called,  with  the 
fituker,  the  boiler  was  driven  at  a  still  higher  rate  of  evapomtion,  riz., 
S.OA  times  its  nited  power,  although  less  coal  was  bunied  under  it,  the 
temperature  of  the  P.ue-gases  was  only  Ti-'i^,  and  the  efliciency  was 
brought  up  to  03.1°.  This  is  a  very  high  efficiency  for  snch  a  rate  of 
driving,  but  it  could  no  duubt  ha\e  tjeen  brought  up  to  ?*2  per  cent  if 
the  rate  of  drinng  liad  been  reduced  about  half  and  the  temperature 
of  the  gases  had  thereby  been  reduced  to  below  500°.  In  the 
eaparitv-t*wt  with  the  stoker,  utill  mure  c<hi!  per  hour  was  burned  than 
in  the  hand-fired  test,  and  tlie  rate  of  tIriWng  was  the  pxtra<»rdinary 
figure  of  12.73  lbs.  from  and  at  212"  per  sq.  ft.  of  beating  surface  per 
hour,  or  3.7  times  the  ral«d  puwer.  yet  the  teuipcmture  nf  ilu*  due- 
gases,  H2H%  WHS  only  a  trifle  higher  than  in  the  hand-fired  test,  while 
the  efficiency,  57.2  per  cent,  was  very  much  higher.  The  results  of 
the  test  show  the  ailvantage  gained  by  the  short  llame  of  verj*  high 
temporRture  produced  by  t lie  American  stoker  with  its  forced  blast, 
over  the  long  smoky  flame  of  (romparativoly  low  temiK'raturo  produced 
in  the  ordinary  furnace  by  hand-firing  and  nntunil  dnJl. 

Applying  to  the  results  of  these  tests  the  "criterion"  formula 
given  in  the  chajiter  on  Effieiency  of  Heatuig  Surface,  ]iage  221,  viz., 

_        A'- 4.8^  23.04      W 

"-  &66(lH-0.l5/ir         ""^  (A' -4.80  S' 

we  obtain,  taking  K  as  15,000 

tr/6'=fl.2tf  10.33  12.73 

i;  =  6.72  9.C4  8.877 

a=   467  244  234 

The  last  two  values  of  a,  244  and  234,  represent  excellent  perform- 
ance. The  high  valuo  of  a,  457,  represents  poor  performance,  which 
is  aocounicd  for  by  incomplete  combustion  due  to  an  unsuitable 
furuitce. 

Test  of  One  of  the  Babcock  &  Wilcox  Boilers  for  the  U.  S.  Cruiser 
"Cincinnati." — In  ilie  Anmiiil  Itepr^rt  of  the  (Miicf  of  Bureau  of  Steam 
Engirieeriug.  for  \HOV,  there  is  published  a  report  of  a  test  made  on 
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one  of  the  new  boilers  built  by  the  Uabcock  &  Wilcox  Company  for  the 
Cineinnaii,  by  u  bourd  composed  of  Lleuteuaut  Commander  A,  B. 
Willita  utul  Lietiteimiil  U.  ('.  Bryuii,  V.  S.  Xuvy.  Tbia  test  wriu  made 
Juiiu  15  to  22,  19IJ0,  at  the  works  of  the  builders,  £lizubothtK)rt.  X.  J., 
and  the  .'ollo^ring  ttyuopsiB  iiichides  the  most  im^^ortant  data  obtained: 

Description  of  lioilfr  and  Appurfenaiirca. — The  boiler  in  com- 
posted entirely  of  wruiig^hl  titeel,  the  iK)iut  uf  ditTerenuo  bctwceit  it  and 
the  older  type  of  ibis  make  of  boiler  being  in  the  arntngomenc  of 
b:itTle-pIat«s  (jw  libowu  in  the  sectional  view,  Fig.  106,  p.  ^76),  which 
compel  the  products  of  combustion  to  pnss  three  times  ucro^s  the 
tubes  before  eutcring  the  uptake.  The  small  tubes  are  i  iud.  uutaidi* 
diameter,  wliilo  the  bottom  tube  in  each  section  or  clement  is  4  ius. 
outside  diameter. 


B011.KB   DATA. 

DiftineUtr  nf  top  dnim,  42  ins.  (insiilu). 

Length  at  top  dnitn,  I'J  ft. 

Tuben:    NuiiiIh.t.  525;    2  ins.  oiiiJiule  diameter;   length,  8  ft.     Also  40;    4  iai. 
outside  <liam«.'tpr  :  k-nptli,  8  ft.  5J  ins. 

Or>te*«arface  :  I^ii^tli,  6  ft.  6i  iii8.:  wnliU,  9  ft.  S)  ins.;  are*,  6S.S5  »q.  ft. 

Orate-surtEcc  rcducMJ  tu  5  fl.  5  inx.  It-ngtli,  fi  sij.  ft.  area,  in  t«8ta  No*.  5  aad  ft. 

Healing  ourfactf  :  Am.  2MQ  »<{.  ft.;  rat)<»  l<j  t;rat«,  41.74  -  I. 

6mok«-pipi> :  AroH,  7.tJT6  fl. ;    lidf^lii,  iH  ft.  abow  ^rulv  ;  ratio  to  grate,  t ;  8.08, 

Wci^iit  uf  boilor  aiwl  all  tittings  except  uptake  aud  8m(>ite-[ii[iiK  : 

Wlthniu  water,  llis 58.304 

With  water,  -"i  ins.  in  gltii<is ;  Ktvam  at  219  lb«.,  Iba 63.f02 

Total  weight  per  sq.  fl  of  nrat*-8urfacf.  ll>« 909  g 

Total  weiglit  jier  »»[.  ft.  of  liLialiugKiirf«co,  llw 28.70 

Wi.i>rlii  of  air-lieatur  and  ductd,  Iba 8.020 

Blower  fau  :  SturtcTADt ;  diameter,  60  ins. :  driven  bj  belt  from  abop  enginna. 

Arra  uf  lil'iwrr  iiilfl,  0.63f<q.  fi.;  outlet,  CSO  8(|.  ft. 

Alr-beultT  :  Two.]>ass  ;  U  Id,  tubev.     Area  af  Biirfoce,  495  Bq.  ft. 

The  boiler  was  erected  in  a  wooden  structure  built  cepccially  for 
the  test  and  liaving  the  fottowiitg  dimensions  :  Ijength,  21(  ft.  S  iua. ; 
width,  IT  ft.  '^l  ina. ;  height,  21  ft.  This  wa8  made  M  nearly  air- 
tight lis  itoasiblo.  but  contained  several  wimlows  that  could  be  opened 
or  closed  to  rejrulate  the  amount  of  drafl-preBsure.  The  blower  waa 
driven  by  Iwliiug  from  the  main  shop  engines  and  ran  continually. 
The  air-heater  conaislud  of  210  3-incb  tubes  3  ft.  long,  spaced  4  ina. 
from  centre  to  L-entre  one  way,  and  5  iii8.  tlie  other  way.  A  vertical 
division-plate  divided  the  tubes  into  two  sejmrate  i^ets  or  nests,  and  a 
horizontal  hunic-pliLte  extended  across  from  the  outride  of  each  nest  to 
within  12  ins.  of  the  division-plate.  When  the  lituiterwss  in  use,  the 
air  from  the  air-tight  lire-room  entered  at  the  lop,  pa.s3ed  once  across 
the  tubes  over  the  baffle-plate,  and  back  under  same  to  oiiltet^  leading 
to  back  of  asli-pit,  the  front  ash-pit  doors  being  closed.  When  the 
air-heater  was  uot  to  be  used,  the  gaae^t  were  by-ttaased  by  a  damper, 
and  the  air  entered  the  ash-pit  through  the  front,  the  doors  thereto 
being  removed. 
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Deseription  and  Ohjfci  of  TeMx. — Seven  tests  were  made  in  all.  Six 
of  these  consUteU  of  three  pairs  in  which  the  two  tests  of  each  pair 
were  under  similar  cuntlitioiifi  in  every  wjiv  except  that  of  usiug  the 
air-heater,  one  being  with  luid  the  nthur  beiii>r  withotit  this  hflat«r,  in 
unler  to  ilulliie  the  ccoTiomy  duo  to  its  use.  The  Inst  or  seventh  test 
was  for  tlie  maxinaim  coiisiimptton,  and  wus  made  without  the  air- 
lieater  and  with  full  gnitp.  Two  pairs  of  tests,  ono  at  a  cnnsnniptioii 
of  about  ^0  lbs.  of  cual  titid  the  other  at  about  35  lbs.  of  coal  per  square 
foot  of  grato  per  hour,  were  made  witli  the  full  grate  service  in  use, 
These  testfl  will  liy  found  in  tables  of  results  uumbered  I,  311.  311,  4. 
the  letter  H  sli^nifyiug  that  the  air-healer  was  in  uiik!  during  the  tests. 
Tests  I  and  'Hi  were  of  ei^ht  hours*  duration,  and  tests  Illl  and  4  were 
of  six  hours'  duration.  The  gntte-surface  was  then  reduced  to  .">■,'  so. 
ft.  bv  a  cour8e  and  a  half  of  bricks,  seven  courtcfi  in  height,  at  linek 
of  furnace,  and  testa  Kos.  5  ami  6H,  lasting  four  hours  each,  vif^re 
mado.  burniuft  about  50  lbs.  of  coul  per  sq.  ft.  of  grate  per  hour.  The 
bricks  were  then  removed  from  the  furnace  and  teat  No.  7,  Justing 
thn*e  and  one-third  hours,  waa  made,  burning  noarlv  GO  lbs.  of  coal 
per  sq.  ft.  of  grate  per  hour.  The  data  and  results  o/^ these  tests  will 
be  found  in  the  accompanying  tables. 

Voal  and  Firi»(j. — The  coal  used  was  Pocalioutaa  coal  from  Flat 
Top  Mine.  \t  enntjiinod  cnnsiderable  slate  and  clinkered  badly.  On 
tests  Xos.  1  and  211  run-of-niiuu  coal  was  used;  on  tests  Kos.  3H,  4,  5, 
and  Gil  the  coal  was  screened,  using  a  screen  with  a  I-iuch  mosh.  On 
test  Ko.  7  the  screenings  from  the  former  tests  were  run  over  a  S-im^h 
mefth  screen^  and  the  coal  thus  screened  wns  mixed  with  tlic  screeiied 
coal  used  in  other  testa.  The  firing  waa  good  and  verv  regular.  Two 
alternate  doors  were  (ired  (u  jajjid  successioii.  The  otljnr  two  sections 
of  tires,  in  wake  of  the  other  two  doors,  were  then  levelled  with  a  hoe, 
then  sliced  through  the  slicing  door,  and  then  coaled,  the  average 
time  between  coalings  of  the  same  two  furnaces  being  from  eight  to 
ten  minutes.  The  furnace  doors  were  open  about  twenty-five  seconds 
when  coaling  and  about  ten  seconds  in  levelling.  The  coal  made  com- 
paratively little  smoke  except  wlien  firing  or  working  fires  The  data 
111  regard  to  smoke  were  taken  by  tiding  Kitigeluiann  charts. 

DMcripiion  of  Appfiritlmt. — The  water  was  weiglied  in  two  tanks, 
each  supported  on  a  idatfurm  scale,  and  run  into  a  third  tank  WIow, 
from  which  the  feodpumiw  drew  water.  All  pipes  wore  above  ground 
and  in  jjlain  sight,  and  wherever  connected  to  other  piping  or  boilers, 
plugs  were  left  out  of  T  eoiinccttons  to  show  that  there  was  no  leukage. 
The  gross  and  tare  of  each  tank  was  taken,  and  the  teu)i>erature  was 
taken  at  the  lower  tank  just  aa  each  upper  tank  drained  into  it.  The 
feed-watur  was  heated  by  steam  injection  before  entering  the  weighing- 
tanks. 

The  coal  was  weighed  in  barrowa  on  platform  scales  in  the  fire-room 
and  dumped  on  the  floor.  The  time  wm  taken  when  each  lot  of  bar- 
rows were  fired. 

A  sample  shovelful  of  coal  was  taken  from  each  lot  of  barrows  and 
thrown  into  a  barrel,  and  from  this,  mixed  and  rjuartored,  the  tinal 
umples  for  analyses,  cidorimeter  and  moistare  determinations  were 
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taken.     The  gases  for  analyses  were  drawn  from  near  the  centre  of  the 
base  of  sinoke-pipo  by  menus  of  a  pijw  insorlod  tlierein  connected  with 

an  aspirator  and  small  Orsat  iiistruntout. 

All  draft-pi'Ofiaures  were  taken  outside  the  building,  pipes  being  led 
there  frotn  t]ie  different  places  where  pressure  determinations  were 
roquiretl. 

Ten»|>orftture3  were  taken  at  the  back  and  front  of  optake  juat 
above  the  beater;  in  front  by  a  niorctirial  pyrometer,  and  at  the  bock 
by  a  metallic  pyrometer.  A\'lieii  the  air-heater  was  nse<l  the  tempera- 
ture w:i8  taken  in  addition  just  below  the  heater  by  meauii  of  a  mer- 
curial pyrometer. 

'I'iie  moisture  in  the  steam  was  determined  by  a  Barms  universal 
ca]oriniL'L*;r.  The  Fti-rirn  wiia  found  practirallv  dry  in  all  cases.  'I'lie 
steam  was  partly  used  in  the  shop  and  i)arl]y  blown  off  into  the  atmo«- 
nheie.  tho  pressure  being  controlled  by  regulating  a  small  stop-valve 
by  Hand. 

.Uenaurement  of  Water  in  /toiler,  and  Titm  of  Getting  Up  Sitam, — 
Before  milking  tost  No.  611,  on  Jnne  21,  all  water  was  drained  from 
tliu  liuiler  and  the  contents  of  boiler  noted  for  each  1-inch  mark  of  the 
wator-guuge,  with  the  following  results: 


Height  of  water 
in  gaage. 

Touil 
water. 

Pi  (Terence. 

Ileigtitof  tvater 

Total 
water. 

DifferBiiM. 

Jae/ui. 
0 
1 
L           2 

PauTuta. 
9.813 
9,48^ 
9,668 
9.912 

10.187 

IBfl 
164 
250 
885 

Tnehei. 
5 
6 
7 

a 

10.846 
10,678 
10.M8 
1I.17S 

881 

m 

I 


Fires  were  started  in  the  boilers  with  li|^ht  wood  and  blower  iu  use 
at  9.40  A.M.  Temperature  of  water  in  boiler,  73  degrees;  height  in 
glass.  1  inch. 

The  following  is  a  record  of  time  and  pressures  or  temperaltires: 


TttDs  Klap«ed. 

Biemm  Pivawra. 

Tluui 

eiapMd. 

StMun  rroMurt^ 

Hln.             Stc. 

Sfla. 

8Mi. 

0 

FIreB  started 

li 

ISTi  irauods 

6 

Steam  formed 

It 

80 

155         " 

«              80 

SS  pouDfls 

11 

55 

175       •• 

6 

45      " 

19 

80 

195       '• 

9 

en     " 

i        13 

40 

815       ■• 

10 

86       " 

I 


An  examination  of  the  boiler  after  this  teetsbowed  no  injury  or 

change  in  its  condition  in  any  respect. 

Tetti  of  a  Thornycroft  Boiler. — Prof.  A.  B.  W,  Kennedy,  in  Proc. 
Inst.  ('.  K.,  vol.  xcix.  p.  57,  1890,  reports  the  results  of  fonr  tests  of  a 
Thornycroft  boiler.     The  principal  figtxrea  are  the  following: 
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S9ft 


i 


TriAlHo.  1  fl                 S  4 

Hi-atmgMirfaee.  sq.ft. 1887  1837         1837  1837 

(imesurlBC©        "    •• 2«2  30  30  -'(1.3 

R«ti-.  n.8.  loG.8 70.1  01.2  612  70.1 

Su>«m-tir«wuf«,  Ibn. 183  171  140  ItW 

■ltfUJl».jralure  of  air 89  70  60  02 

*<>ttl  jLTftq.  ft.  of  gTfttoperhr.Jbfl 7.74  18.80  ^0,80  (W.yO 

Waierpersq.  ft.  of  U.S.  per  lir.,  lb« 1.S4  3.20          4  70  H.-IO 

'reniin^ratur.>  of  ganea  in  cliimney 421  G40  610  777 

KtrsLwriilion  from  ami  at  21!^  per  tb.  uf  coal..  18,4  12.48  12.00  10  20 

Efflcieney  of  boiler 86.8  81.4  78  3  086 

Anatrses  of  ftaws,  tnean  : 

Cftrlwn  dioxide.  CO, 11.74  —  11.68  la.CO 

(."arWn  luunoxMp,  fO 0,10  —            0.63  2.30 

Oxygen 7.71  —            7.41  4.45 

Nitrogen,  bv  difference 80.4.'>  —  80.29  80.05 

Air  aswl  per  lb.'fuel.  lbs 18.14  (esi.  17.8)    17.4  17.2 

Ueat  balance : 

lU-at  absorbed  bv  boiler 96.8  81.4  7a2  66.6 

"    loet  in  cbirnner.f^ams 10.8  10.0  16.5  30.3 

••    lort  bjr  formation  of  CO 0.6*  «-  (5.0  9.2 

"     EoHtbyradialiooaDdaDaccountedror  1.6  f  *  \  3.8  8.6 

100.0        100.0        100.0  100.0 

Aiudraia  of  i\w  coal : 

HoIalDre 0.66 

AHh 2.19 

Carbon 87.76 

Hj'drogen , 4.11 

OxTgen,  nitrr>g«n.  and  Bnlpbnr 4.98 

iooo 
Ileiiliiifr  value  of  the  coal  bv  Prof.  Kcnned3r'e  ealcnUtion  from 
the  auulysis:  14,S*00  li.T.IT.  per  lb.;  by  direct  calorintt'tric  determina- 
tion, 15^50  B.  T.  U.  per  lb. 

Comments  on  the  Thor&ycroft  and  the  Babcock  &  Wilcox  Teats. — 
By.  the  use  uf  formula  (10),  p.  *^2L>,  viz., 

r     K-uf  -I  .     <^p    »; 

~  L966(:  -f  BS/  W)         *J    '  (A-  tcf)  S  ' 

the  valne  of  n,  the  coefficient  of  performance,  haa  boon  calculated  for 
each  of  the  testB  of  the  Thoniyi'roft  and  the  Btibcook  &  Wilror 
boilers,  of  wbieli  the  recorda  are  given  above.  Kor  the  'rhornyeroft 
tofita  A',  the  heatijig  value  of  the  coal  luw  heon  tjikoii  at  1.5,200  per  lb,, 
a«  the  value  per  pound  of  cnmhustible  is  not  jtriven  in  the  record,  imd 
ii„  is  tjtken  an  the  cvaporaliou  per  pound  of  eiwl.  A',  the  faeUir  for 
rudiatinii,  is  taken  at  the  low  figure  uf  0.05,  since  the  bcUer  ueema  to 
have  been  iniUKiially  well  protected  from  loss  by  radiation:  and  /,  the 
temi>emturo  of  the  fileam  -bove  the  nlmottpheric  tcmjHTuture,  haa 
been  laken  at  300*.  For  the  Babcock  A  Wilcox  teste  the  value  of  A' 
IB  taken  as  15,750,  the  average  heating  value  per  ponnd  of  eombusti- 
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ble  of  good  rocahontas  coal.  The  value  of  /  ib  taken  as  the  diffor- 
enco  between  the  temiitimtiirB  of  the  steani  auil  the  temperature  of 
the  uir  ootoring  the  a^h-pit.  It  ranges  from  :;i89.9  in  test  No.  1  down 
tu  132.1  ill  text  No.  CH.     R  \s  taken  at  0.1. 

The  valups  of  a  thus  calcnlatod,  together  with  other  <lata  of  the 
toat,  for  reference,  ore  given  bdow. 

TUORNTI'KOFT  TEai*. 

Rato  of  driviDK,  W/8 =    1.84  8.3  4.T  8.5 

Evapciratioii,  £. =:  18.<  IS.48  13.00  lf).S9 

Kfflciwncv,  JE 86.8  81.4  78.2  06.0 

Lb^.  dry  ^oaperlb.  Ch/. =31.34  [««l.  3l]  20.44  10.80 

OxySKU  In  tli«  gM.  % 7.71  —  7.41  4.45 

Cklculnted  valueofa* 57  (t>  241  355  403 

Babcock  &  Wnjcox  T&«T8. 

TmiKk.                                                  ]  t  3  4  ft  6  T 

Rat«  of  drivlog,  Wf8 5.18  5.57  8.43  8.70  10.07  9.58  13.67 

Kvaporauon,  ii 13.19  12.70  U.47  11.60  11.48  11.13  10.53 

KfflclencT,  ;( 74.8  77.0  70.4  70.6  70.1  68.2  64.6 

Lbs.  drvffasporlb.  C.,/ 16.8  19.1  17.8  18.8  30.6  17.8  18.6 

Ox}V«ii  Iti  tbe  g«a,  ^ 4.5  5.7  4.3  5.7  6.9  4.8  5.8 

CalcHatKil  value  of  a 454  813  888  S67  101  410  385 

The  rebtion  of  the  efficiency  to  the  rate  of  driving,  in  both  set« 


3  4.  56  7  8  9  6III2T3 

Ute  of  Water  Evaporoted  fiTjm  ond  at'Zlt*F.per«qftof  HioTingSgrf.ptrHoMr. 

Fio.  131.— TnonmrcROPT  and  Babcock  k  \Vnx^>x  Testb  CoiirARRn, 

of  tests,  is  plotted  in  the  diagram  Fig.  121.  There  are  also  plotted, 
for  comimristin,  a  line  representing  the  maxiniuiii  theoretical  ]K'rfonn- 
anrc  nf  a  boiler  in  which  there  \e.  no  loss  by  radiation,  with  /,  or 
I»oiind«  of  dry  gas  per  pound  of  carbon  =  20,  a  —  200,  t  =  300,  and 
K  ■=  li^rT^O,  uo  account  being  taken  of  the  loss  of  heat  dnc  to  euper- 

•The  value  of  a  obtained  fntni  tbe  flr»t  li-Jil  is  w  low  ait  to  indlrair  an  «Tmp 
eithfT  in  tbe  record  of  lb(>  \r»\  iuelf  or  in  Hip  A'tmrnptions  made  In  tbo  calrulalinn 
If  wp  awjumo  no  long  hy  radiation,  makinp  It  =  0.  thp  Talu**  of  a  liBrortif«.  3Vi. 
At  T*ry  low  jbIm  of  driving  a  iimall  d i (Ttt rr>iicr  in  llie  awiumed  ralue  of  It  ii<ak)^ 
a  t^rent  difference  ia  the  oamputed  value  of  a,  but  at  liigb  rates  of  driving  )l  is  of 
amall  importance. 


hented  stoara  in  the  chimuey.giuieB;  togethft  with  u  lino  representing 
iliL'  same  (irtta  but  with  ft  radiation  factor  of  A'  =  0.1.  The  record 
of  the  seven  best  lestH  niarle  at  the  ('Rnteiinial  Exhibition,  taken  from 
the  diag^ram  Fig.  -lii,  p.  22^1,  is  also  Bhown. 

Comfmring  the  results  of  the  t<>«tB  aa  plotted  with  the  lines  of 
theoretical  maximum  p<'rforman(^e,  it  will  Ih'  brpii  that  the  rci^ults  he 
remarkably  close  to  the  liues.  The  two  tests  tliat  are  farthest  from 
the  line,  Xo.  1  of  thi>  llabroek  &  Wilcox  testa  aud  No.  4  of  the 
ThornyiToft  tcsis,  are  those  in  whit.li  thi--  quantity  of  gjia  per  jHrniid 
of  t'arljon  are  the  leasit.and  tlie  (^onijiuratively  low  reiiult«  in  thoao 
tests  are  thoroforo  no  doubt  duo  to  imperfect  combnstioiu 

Thoi^e  two  Bots  of  tests,  taken  togetht^r,  form  the  best  roconl  of 
high  performarico  at  widely  different  ratcfi  of  driving  that  has  yet 
been  published.  The  record  is  above  that  of  the  best  rooords  obtained 
hi  the  Centennial  ti'dts  with  anllira^'ite  coul. 

To  acc^onnt  for  the^ae  high  results  vi\  have  the  analvsea  of  the 
chimney -gases,  which  show  that  in  the  best  toets  the  oxygen  in  the 
gas  is  over  5  per  cent  and  the  number  of  pounds  of  dry  gas  per  pound 
of  carbon  from  17  to  21.  The  beat  results  correspond  to  low  vaiuos 
of  the  coefficient  of  performance,  a.     By   plotting  the  computed 


Lt».of  Dry  Ctai  per  \\a  Carbon 

Fio.  1S9.— Helation  of  a  to  lbs, 
oir  *Jab  I'KH  U).  C 


♦  5  6  ■*?  ft 

r^rcetrt  Oxygen  in  ^ms 

Fio.  133.— Relation  oi^  a  to  Oxvoaa 

IN    THE   <TAHKM. 


I 


?alno8  of  (I  with  referonco  to  the  pounds  of  gaa  per  pound  of  carbon, 
and  to  the  per  cent  of  oxygen  in  tho  gns,  as  in  Figs,  122  and  12.'J,  wo 
find  tliat  the  minimum  value  of  a  seems  to  correspond  to  almut 
21  Ilw.  of  gas  pur  pound  of  carbon,  and  about  7  per  cent  oxygen  in 
the  gash's.  The  rapid  rise  of  the  value  of  a  with  decrease  of  oxygen 
in  the  gascH  is  to  be  exjmctod,  because  the  value  calculated  by  the 
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forratiU  (L6)  is  based  ou  the  assumption  of  perfect  combustion,  kod 
with  oxrgen  leas  ttiao  7  per  ccut  there  is  ulmoiit  alwavs  some  carbonic 
oxide  proseut,  showing  that  the  combustion  is  imperfect.  When  the 
pounds  of  dry  gHS  per  p<iund  of  carbon  exceed  21  and  the  per  rent 
of  oxygen  exceeds  K.  the  calculated  Tulue  of  a  shoald  he  independent 
of  these  qnautilice. 

Sinre  high  efficiency,  according  to  formula  (15),  depends  on  both 
a  and  f  b<?ing  small,  and  sinee  a  is  affecttHi  by  /  so  as  to  incrMW 
rapidly  when  /  is  less  than  20.  it  is  evident  that  although  a  appears  to 
liave  a  minimum  value  when  /  is  about  or  above  31,  maximum  effi- 
ciency will  be  obtainoil  when  a  \s  at  some  valne  higher  than  iti«  mini- 
mum value,  and  »*hen/ is  somewhat  less  than  31.  The  Babcoek  & 
Wilcox  test  No. 7,  wilh  a  =  335  and/^  18.fi,  give«  a  higher  relative 
efficiency  (»«  compare*!  with  the  line  of  maximum  theoretical  perform- 
ance) than  test  No.  .1,  with  a  =  ISlI  and/—  HiM. 

The  record  of  the  Tltoruycroft  test  No.  1,  shoving  8(1.8  per  rent 
efflcioncy,  probably  contains  stmie  error.  The  lest  was  only  of  five 
hours'  duration,  and  only  lOWfi  lbs.  of  coal  was  burned  in  the  wlinlo 
test.  A  slight  error  in  the  measurement  of  ei>ul  or  wau*r,  and 
es|»ecial1y  an  em^r  due  to  ntictiiation  of  the  water-level,  would  make 
an  important  error  in  the  re-^ult  at  this  very  l<iw  rate  of  driving. 

Tests  with  Anthracite  at  the  Centenniil  Exhibition,  1676. — A 
brief  sumnian,'  of  these  tests  has  alrcjuiy  been  given  on  page  2^1,  and 
the  resultij  are  plotted  on  the  diagnioi,  Fig.  K'T,  page  290.  Some  of 
the  results  are  also  jilotted  on  the  diagram.  Fig.  4!),  jiage  233,  for  com- 
parison with  theoreticjil  performance  under  certain  aeeamed  condi- 
tions. Of  the  fourteen  boilers  tested,  illustrations  of  seveti  have 
alrewly  been  given,  as  follows:  Hoot,  jmge  268;  Firmeuich,  page  "idb; 
ISabcook  &  Wilcox,  page  Jiifi;  (lalloway,  page  248;  Wiegand  and 
Kelly,  page  200;  Kogers  A  Black,  page  2*J2.  The  Koot  boiler  used  in 
the  test  difTeretl  from  the  one  sliuwn  on  page  2<!8  in  not  having  tho 
series  of  hnrir^mtal  longituflinal  steam-  and  water-drums,  a  single 
trans\erse  drum  Ix-ing  used  instead.  The  other  seven  boilers  arc 
illustrated  and  briefly  drscribttd  below. 

The  I^owe  boiler.  Fig.  124,  is  an  ordinary  cylindrical  tubular  hoQer 
4  X  18f  ft.  with  forty-six  tubes  3  ins.  X  15  ft.,  with  a  chamlter  or 
connection  in  the  front  end  of  the  Iwilor,  the  reiir  of  which  forms 
the  front  tulie-sheet.  The  bridge-wall  bnck  of  tlie  grate  is  extended 
up  to  the  shell.  The  heated  gases  pass  through  side  openings  through 
the  water-space  into  the  front  cluimlwr,  thence  through  tne  tubes  to 
the  rear  of  the  boiler,  then  through  a  return-fine  along  the  lower  half 
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of  the  slioll  tn  t)ic  vvnx  of  the  briilgo-wall,  when  they  rise  through 
two  Hido  fluent,  ami  circMlattug 
arutitid  the  upper  lialf  of  the 
aheli  and  u  Biiperhcntiiig  dnim, 
e«capo  to  the  ujitiike. 

The  Smith  boiler.  Fig.  125, 
is  an  ordiTiarv  rt'tnrn-tnhular 
boiler, aujipliiwl  with  adJitioiial 
heating  inirfa<:e  in  (he  ttelting. 
From  the  hollow  t-airt  -  iron 
briUge-waU  a  number  of  pii««  ^'«-  "i^  -The  I-owk  Boilkr, 

run  horizontallv  under  and  back  of  tho  boiler  ami  comuHt  Ui  short 
vortical  tubus  screwed  into  a  larger  horizontal  ;[jipe  loeate<l  baek  of  tho 


Fio.  195. — Thk  Smitu  Boii.ek. 
shell  and  rnnnectod  theretQ.     In  addition  to  the  above,  two  cast-iron 
pi|H'8  run  along  either  side  of  and  below  the  grate  and  are  eonneet^d 
with  tho  water-spane  in  the  shMlI.     In  the  latter  are  attanheil  on  either 
ddo  a  stirio!}  uf  vcrtiiMl  couii^I  r-UHlings,  buJh-Hliaped  at  their  tops,  with 
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Fm.  126. — TnK  Andrews  ItotLKn. 

small  wrought-iron  ])ipo  ia  e«ch  as  an  outlet  for  steam,  and  the  several 
mall  uteam-nipes  are  connected  together  and  to  the  eteam-Bpace  of 
the  main  ttliell. 
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Tho  Andrews  boiler.  Fig.  12<»,  is  of  the  double  marine  tubnlnr  trpo 
with  inU'nml  furrmtv  and  t'Xternal  i<hcet-iron  roiuHnitions  for  directing 
tho  |>ro<hii;ta  i>i  (;nnibuiiilion  fn)m  tlit*  lower  cet  of  tiilwii  to  the  ujUK-r. 
The  tfhell  is  r('Ctanj;iilar  with  h  semi -cylindrical  top. 

Tho  Harrison  boiler,  Fi^.  127.  cnnfititrt  oi  nectionj*  of  hollow 
ciwt-irou  spheres,  8  ins,  diunietitr,  wirh  cnrved  neckt<,  cuBt  in  ^oujm 

of  two  and  four  nnd  held  togetlier 
by  hnlts  extendinp  thr(uigli  lh« 
spheres  und  necks  the  entire  length 
of  the  seeliuns.  The  Motions  are 
set  side  by  aide  at  the  angle  ^hown. 
Tho  Anderson  boiler,  Fig.  r,!8» 
is  componett  of  aeotions,  ench  con- 
tainiri;;  nine  wrought-iron  tubes  3 
ins.  diameter  and  10  ft.  long.,  which 
arc  nearly  horizontal  and  arranged 
in  II  vertical  row.  The  four  hiwer 
tube«  aro  sei'ured  at  their  front  ends 
to  a  eiiKt-lnm  ehumher  and  riite  a 
l-w.  127.-TBK  Habuihon  Bon-BK.    ij^^  f„,^  f^ont  to  rear.   Tho  frvmt 

ends  of  tlio  five  upper  tubes  arc  xiniilarly  uttitt^rhKl  U^  an  up|>er  cliam- 
ber,  nnd  nlope  u  Utile  fnun  front  to  rear.  The  rear  ends  of  all  Llie 
tubes  are  united  by  a  manifoUI.  Tho  lower  front  chainlKTft  are  oon- 
uected  at  their  lower  cuds  und  the  upper  front  chambers  at  their  upper 


Flo.  rJ4i.— TnE  AKDERaoii  Boilf.r.  Kio.  120. — TiibKxetkh  Boii.Ea. 
ends.  A  horizontal  itiLititinn  u  plaewl  aliore  the  four  lower  tabee,  ao 
as  to  compel  the  pt^-H  to  tlow  first  along  the  four  lower  tn)H«  and  then 
along  tbe  five  npper  tubes. 

The  Exeter  iHiiJer.  Fig.  130.  consists  of  hollow,  rectangular,  eaat- 
inm,  slah-tihiiped  MetHiona  set  iransveraely.  with  twelve  oblong  openings 
in  two  horizontal  flues  through  each  section.  Twenty-seven  sneh 
sections  are  placeil  one  in  the  rear  of  the  other  and  connected  through 
short  side  pipeit  to  one  eteani-  and  one  feinl-pipe,  thus  forming  a  eom- 
plpte  tmilor.  Two  of  these  iMiilers  are  placwl  side  by  side  over  ono 
grate,  Tbe  gases  from  the  grate  |niB8  to  the  n-ar  of  the  boiler  tbroagh 
the  lower  row  of  passages  and  retnni  through  the  npper  rows. 


RB8ULT8  OF  SISAM-BQILKH  TRIALS. 
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The  Pierce  boiler,  Fig.  130,  consista  of  li  flat-endeil  cylinder 
diroutly  nbovo  Uje  firi'-L'rato,  rovolving  on  tnirinions.  The  heiited 
gttsoB  euvtilop  till'  rvlinder  mid  enter  one  cud  uf  uu  nuiiular  row  of 
tnbex  in  the  Khell,  Hm)  after  j>]i»<iitng  through  them  rettin)  through, 
another  row  of  tubes  t-oneeiitrie  with  the  first  and  theiiec  eHeiijie  to  the 
ehiumey.     Cups  are  seeurcd  around  the  tubes  of  the  outer  row,  to 


Fia.    190.— TlTK   l*IKItCK   BotLRK. 

catch  the  water  whenever  the  tube  i«  lifted  iiliove  the  water-line  by  the 
revolving  of  the  Bhel!.  and  thus  prevent  overheating  nf  tliese  tnln*  and 
of  ilie  shell.  Thn  fi-ed-water  ij*  intnMhieed  througli  one  trunnion  and 
Bteam  is  tiiken  out  through  the  nilit-r. 

Some  ot  the  eonchisiom?  which  may  be  drawn  from  the  roHiilU  of 
the  C'-entennial  tests  are  the  following: 

1.  The  high  results  obtained   by  the  first  live  boilers  on  the  lint, 

jtagp  •■J'Jl,  viz.:  the  Koot,  Kimieni<Th,  Lnwe,  Smith,  liabeook  &  Wiloox, 

and  ttnlloway  boilor«,  onnetitute  ft  standard  of  performance  which  haa 

Mt  been  excelled  since  18TC  in  any  properly  authenticated  series  of 

with  anthracite  coal. 

%.  These  high  figures  being  obtatiietl  with  boilers  of  widely  different 

types,  it  is  evident  thai  eeunouiy  of  fuel  docfl  not  depend  to  any  great 

, extent  on  the  tyjie  nf  boiler. 

8.  The  low  refinlis  obtained  in  the  tests  of  all  the  other  boilers  are 
'not  explained  by  tlu'ir  design,  or  by  anything  in  the  reconi  of  tlieir 
tests.  Of  the  pusjtible  causes  of  low  j>erfonnanee  are  exreasiTo  air- 
enpply,  especially  at  the  higher  rate*  of  driving;  short-circuiting  of  the 
exceeaive  loss  by  radiation.  The  lack  of  analyses  of  the 
sldmney-gaaes  prevents  the  drawing  of  any  definite  conclasioiiB  in 
regard  to  the  air-«npply. 


CHAPTER   X\l* 


PROPER'nEfl  OF  Water  and  of  steam— factors  of  evapora- 
tion—('uimneys. 

Watkk. 

Weight   of  Water  at  Different   Tempe  rat  ores. —The   weight  of 

-water  at  niuximuiii  denf^Jiy,  :j!i.l',  is  gLMa>nilly  taken  at  the  figure 
given  by  RtHikiiie.  (•;i.425  llig.  jier  en.  ft.  tSfirne  nnthorities  ,^ive  as  Imw 
as  lJ:i..'JTO.  The  tij^iro  (12.5  eummdiily  given  ia  approximati*.  Tlio 
highest  tiutlioritutive  llguro  is  03.125.  At  02"  F.  the  figures  range 
from  03.391  to  G2.3G0.  The  figure  02.35.5  is  genorally  accepted  as  the 
moat  ftccurat*. 

At  32"  F.  figures  givf^n  hj  ditTorent  writers  range  from  (i2.3Ti>  to 
62.418.  Clttrk  gives  tliu  latter  figure  iind  Hamilton  Smith,  Jr.  (fn>m 
Kiieetti),  give«  <J2.4HJ. 

Weight  of  Water  at  Temperatvrei  above  212°  F.— Porter  (Hieh- 
arda'  *' StcjiTn-enginu  Indicittur."  ji.  o2)  says  that  nothing  is  known 
nbont  the  expansion  of  water  alKivt*  212'.  Ap]il\ing  forniula*  derived 
fnirn  exfu'ritnents  nuide  nt  tenipi^ratiirtw  below  212",  however,  the 
•Weight  and  volurnir  above  212"  may  l»i'  ealetihitcd,  hut  in  the  absencfl 
of  experimt^ntal  data  we  are  not  {'crtuin  that  the  formulie  hohl  giwd 
at  highi^r  tcniperatnres. 

'Innrelon,  iu  })iH"  Engine  and  Boiler  Trbls,"  gives  a  table  from 
wUieh  we  take  the  following  (neglecting  the  thinl  decimal  jjhtee  given 
by  liim) : 
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'This  oliAptor  ia  compiled  fruin  the  ftutlior'ti  "  Mechanical  Eagiavrtf  IVickeW 
book." 
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PHorKHlIKS  oy   ViATKli.                                   4u7                  1 

At  212^  ftgii 

reH  given  l>y  different  M'ritera  {»oo  Trans.  A.  S.  M.  K«                 1 

xiii.  40'.!)  range 

fom  J'J..^G  lo  ^''.1.845,  avemE^iitu  about  50.77.                                     1 

Weight  of  Water  per  Cubic  Foot,  from  3:;^  to  212*  F^  and  heau                1 

uiiitR  |>er  pound,  roekonetl  n\ui\e  'M''  ¥.:  The  followinjf  tabic,  uiadb                 | 

by  iiiterjiolatiiig 

the  table  given  by  Cliirk  as  caleii luted  from  Bankinc's                 1 
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formula,  vith  corrMtions  for  appurcut  tsmvit  was  published  by  the 
author  in  1SS4,  Trans.  A.  8.  M.  K.,  vi.  90.  (For  heat-units  aboTfl 
212"  aee  8teum  Tub]eK.) 

Steam. 

The  Temperature  of  Steam  in  contact  witli  water  depends  npou 
the  jireBeurt'  uiuiL^r  wiiit^h  it  is  genoratc<i.  At  the  ordinary  atmos- 
pheric prcABiire  (14.?  Iba.  per  sq.  in.)  its  tc-mpcratiiro  ifl  212"  F.  A* 
the  ])retwure  i«  innrejufed,  as  hy  the  steam  lieinj;  generate*!  in  a  closed 
veiwel,  it«  tenipeniture,  aiul  tliat  of  the  water  in  its  preaonce,  increaww. 

Saturated  Steam  i><  sttjum  of  the  teniperaturB  due  to  itJt  preiDuire 
— not  hujM'rliiuiti'd. 

Superheated  Steam  \a  at«ani  heatE^d  to  :t  tfmperature  above  that 
due  t«)  itfi  ])rf«sure. 

Dry  Steam  in  st»tm  whi(rh  euntaiuB  no  moiHture.  It  nmy  be  either 
witnrutiMl  (vr  superhcjited. 

Wet  Steam  \»  kIcuiil  vontaininj;  inltvrininglod  moistare.  uil^t,  or 
^jinEV.  It  hiis  the  ttanie  tcm]ieruturo  lui  drj' satiimted  steam  uf  tbu 
same  pressure. 

Water  ii»in."duce([  intu  the  preuencu  of  euperhentod  steain  will  thwh 
into  va|jor  until  the  tonipcrnturo  of  tlio  steam  is  reihicod  to  that  duo 
its  pre-sfiure.  Water  in  the  prowmt'e  "f  satLinited  flteam  haa  the  Hame 
teini»eniture  i.rf  the  Bteam.  Should  cold  water  be  introduced,  lowering 
the  lenipcrHture  of  the  whole  miuss,  t«>nio  of  the  steam  will  be  con- 
deiiK^-d,  rediieinp  the  prfwim-o  and  temperature  of  the  remaindor, 
until  an  eqniiilirium  is  etttiihlitihed. 

Temperature  and  Pressure  of  Saturated  Steam. — The  relation 
between  tlie  tcntpenituR-  and  ilin  ]irc»<j(urv  of  siemn.  acconliiie  to 
Rcgnault's  experimentB,  ia  exj>re»i«<c<i  by  the  fnnnula  (Huchuiian  s,  as 

giren  by  Clark)  t  =  ^^^^^^^^^^^1  ^og  p  ~  ^'^^•^''  '"  **"*^**  '*  "  '''^ 
presHiire  in  pounds  per  square  inch  and  /  the  tempeniture  of  the 
Btt'iLtu  ill  Fahrenheit  ilpgrees.  It  :i])plips  with  acrnnu-y  between 
120  F.  and  44(i°  F.,  correBponding  tu  pressures  of  from  l.*is  Ibe.  to 
445  llw.  ]inr  aq.  in.  (For  other  fchrmuliB  (*ee  W'mid'a  and  l*ealKidj''8 
*•  TheniHMl  vmif  ni<'p.") 

Latent  Heat  of  Steam. — The  formula  for  latent  heat  of  ttteam^ 
as  given    hy    Hankitie   and   (►thcrs   is   i  =  lOHl.T  —  .«It.'i(/ —  32*). 

Total  Heat  of  Saturated  Steam  (ahovu  32°  F.). — Aix^onling  in 
Begnault'e  expentncntii,  the  formula  for  total  hirut  of  steam  is 
H  —  iorn.7  +  .305(/  -  32").  in  which  /  \&  temperature  Fahr.  and 
H  the  heat-units.    (Kankine) 

The  total  heat  in  steam  (above  33")  inehides  three  elements: 

1st.  The  heat  requirwl  to  raise  the  temperature  of  the  water  to 
the  tem|>emture  of  the  steam. 

3d.  i'he  heat  rcfpiire"!  to  evaporate  the  water  at  that  temperature, 
called  internal  latent  heat. 


PROPERTIBS  OF  STBAM. 

;M.  The  Ifitont  boat  of  voluni*',  or  tlm  external  work  done  liy  the 
etoimi  in  mitkinR  room  for  iltwlf  uguini^t  the  prehsure  of  the  Biiper- 
hiciimhent  atinosplitM'e  (or  fcurnmiulinj;  steiLTii  if  inrlosiMl  in  m  veamel). 

'I'ho  pum  of  the  Iw^it  two  olonieiirj<  is  e^ftlled  the  latent  he«t  of 
ntfum.  In  lUipI's  hihlcs  (Wi'luliiifh,  vol.  ii,  Dubois's  tnuislation)  the 
(wo  elements  are  p-iven  sepunitely. 

DenBity  and  Volume  of  Saturated  Steam. — The  th-nBity  of  steam  in 
exprf'»4k«i  by  the  weight  of  a  given  volume,  say  1  eu.  ft.;  and  the 
voinme  is  expre-wed  hy  the  noiiiber  of  euhie  fi*t  in  one  lb.  of  ateain. 

Mr.  Brownlee's  expreasinn  for  the  density  of  salurated  steam  in 

terniH  of  the  preHHure  in  /?  =    '        ,  or  log  D  —  0.1J41/;  —  2..J19,  in 

which  I>  is  the  denaity,  and  /;  the  prefiiitre  in  pnundt*  per  sqaare  inch. 
In  thi^  expreBsion,  y/'-'^' irt  the  iH^utvalent  of/)  raised  to  the  16/17 
power,  oa  employed  hy  Itankinc. 

Thu  volume  v  being  the  reciprocal  of  the  donuity, 

"=  -^po!*..''    o^   log  f==  2.519 -t).94nog/). 

Relative  Volume  of  Steam. — The  relative  vohtme  of  Batnmted 
aicam  is  ospreKseil  bv  the  uiimher  of  vohimej«  of  steam  jin«liice(l  from 
one  Volume  of  water  at  ;Jii"  F.  The  relative  vulume  is  found  by  inul- 
tijdviiig  the  volume  in  eu.  ft.  <rf  one  lb.  of  etcam  by  the  weight  of  a 
eu.'ft.  of  water  at  IVX'  F.,  or  iVl.A-ih  llw. 

Oftseoui  Steam. — When  8atnrated  ateam  i»  tmperheat'ed,  or  sur- 
ehurged  with  heat,  it  advanoea  from  the  nondition  of  saturation  into 
that  of  gawity.  The  gaseouH  state  is  only  arrived  at  by  foiipiderably 
elevating  the  tempeniture,  if  the  ])re8si:re  remains  tlie  wtme.  Steam 
thus  sntVieieutly  superheated  ii>  known  us  gikseous  titeam  or  8tetim'gu& 

The  Specific  Heat  of  Ckseoui  Steam  is  0.47r>.  under  eontntant  pre^- 
wire,  ttfi  fnntid  i>y  HegmniU.  It  is  iilentiral  with  the  eoeftieient  of 
increuHi'  of  fitul  be-at  for  eaeli  degree  of  tomperaturc.  [This  is  at 
ntmospherie  pressuru  and  'iVi'^  V.  He  found  it  not  tnie  for  any  othcf 
pressure.  Theory  iiidiaitee  that  it  would  be  greater  at  higher  tem- 
peratures.    (I'rof.  Wood.)) 

Total   Heat  of  Oaieous  Steam. — Wood   givce  for  the  total  heat 

(above  ;i','°)  of  fiiiporbeate.1  .steuni  //  ^  H)!H  .7  +  0.4H(/  -  3*^"). 

The  Specific  Deniity  of  Oaseous  Steam  is  ().f(22,  that  of  air  being  I. 
That  is  to  say,  tlii^  weight  of  a  nnhir  foot  of  g»*ieou8  «team  is  about 
five-1'ightlis  of  that  of  a  eubic;  foot  of  air  of  the  same  pressure  and 

ft        temi>eratiire. 

I  The  density  or  weight  of  a  Liubio  foot  of  gaseous  Hteam  is  expresai- 

I       ble  by  the  formula 

■  />.  _  2.7074^X0.622  ^    t.684y> 

■  '    "       i  +  461  /  +  4«r 

L 


I 


in  which  //  is  the  weight  of  a  cubic  foot  of  gaseous  steam,  p  the  total 
pressure  in  lbs.  per  square  inch,  and  I  the  temperatnre  Fahrenheit. 
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Identifleatioa  of  Cry  Steam  by  Appearance  of  a  Jet. — ProfL 
Doiitoti  ('I'nids.  A.  S.  M.  K.,  \*<\.  x)  foiiiiU  tiiat  jets  of  steam  aliow 
niimistakablr  ebaii^u  uf  upiM^tmuco  to  tho  oyc  nhou  titeum  vuni!^  \v^ 
than  1  j>er  rimt  from  i\w.  cimilitton  of  saturation  oither  \\\  the  <1irec- 
iioa  uf  wutiicsd  ur  ^upvrlHiiling. 

If  a  jut  uf  Hti'aiii  Quw  from  u  builur  into  thti  atmuttplitfre  iiikIpt 
(Mrcum&taiiros  su<-L  that  vorv  little  loas  of  li«>ut  oreun!  thro'igh  nidia- 
tinii,  etc..  and  llif  jet  be  tniiisifureiit  elose  tn  the  orifioe.  i>r  K'  tveu  a 
jfmyish-while  t-olor,  tho  steam  nuiy  be  assumed  to  be  50  m-arlv  Jrr 
that  nn  |Hirlitb]e  ■foiifU-nsing  cainrimeter  will  bo  capable  uf  iiiensimtig 
the  amnuiit  nf  water  in  the  steam.  If  the  jet  be  stronply  white,  the 
amount  of  water  muy  be  ruiij^hly  judged  up  to  atntut  'i  ]ier  eeut,  but 
bevond  this  a  calorimeter  ouly  can  determine  the  exact  nraoiuit  of 
moisture. 

Table  of  the  PropertieB  of  Saturated  Steam.— In  tho  table  of 
]>roperties  (if  Aiiturated  steam  on  the  fnllowiuj:  |Mipe8  the  flpnre*  for 
U'utpeniture,  total  hejii.  and  hitent  lu'Jit  an-  Uiken,  np  to  210  lbs, 
iib^oltile  prcMHure.  from  the  table.'i  in  l^orlcr'a  "  Steam-enpine  Indi- 
rator."  Tin-  (IgnreH  fur  wi'ight  per  ciibi);  foot  and  for  eubir  leet  [ii-r 
pound  have  In-eu  l^iken  from  Dwidshnuvers-Uery'H  tjible,  Trans.  A.  S, 
>I.  E.,  vul.  si.  The  figures  for  relative  volume  are  from  Buel'^  table, 
1:1  DuboiH's  translation  of  Wei^baeh,  vol.  ii.  From  *.!ll  to  319  lbs.  tho 
ligurus  for  ti'mpeniture.  total  boat,  ami  latent  heat  are  from  l>wcU- 
luiuvers's  table;  and  fruni  33U  to  lOon  lbs.  all  the  tipuros  are  from 
Uael'fi  table. 

wEtr.HT  or  1  euBic  foot  of  flrauc  in  d&cimalb  or  a  roiritn.    coMrABUoa 

OF   UirKKHRNT   AtrTUOHmBB. 


Wvlcbt  of  1  CuMe  Fboi  MWordlnc  U> 


lljIPonT 


WW* 


I     '.0080  .008 

14.7  .OStJWi  .08801 

80    1.0511  .oaoT 

0004  .0074 

.1457  ;  ,H1» 

.10015  .IM0 

.'ssam  .Kt07 


40 

00 

80 

100 


Bii«l. 


,00803 

,  08798 

,0507 

,0075 

,1434 

,1M6 

,S303 


l«un>ni    iMMljr. 


,OO-J90 


,0507 
,0073 
,14V3 
,1803 
3390 


.00390 
.0376 

.a^os 

.0004 
.1400 
.184S 
.2371 


Iff 

IP 


130 
140 
100 
180 
•,•00 
330 
S40 


WHght  of  I  Cubic  Fmh  ftOcordInK  to 


Horler.    HBrV. 


37438 
,.11388 

«5-.'00 
,»8H0S 

43406 


Bori, 


.2738  .3735 
.3183,  .3183 
.3590!  .S.V)(t 


Uwrcl»- 

biiHrtTR 


body. 


.3734  .Mas 
.:il4T  .8111 
.3W7  .8980 


.4<N)0:  .4013    .30i<S  .8945 

.4431  .4433'    ,44001.4859 

AU1  .4843 .4772 

.5348  .5871^ I.SIM 


There  arc  considerable  diiferences  Iwtireon  ihe  fi^irea  of  weight 
and  volume  of  steam  wa  given  by  ilifferent  aulhoritioii.  J*ort4>r*s 
fl^iTes  are  luised  on  the  e-tpennieuts  of  Fairbairn  and  Tate.  The 
fi^ires  given  by  the  other  authorities  are  derive'l  fnnn  theoretie«l 
forninla'  wjiieli  are  believed  to  give  more  reliablt-  results  tluin  tlie 
experiment*.  The  figures  for  temperature,  total  bent,  and  latent  he-^t 
as  ^ven  by  ditforent  unthorities  ghow  a  practical  ugreenient.  all  l«eing 
derived  from  Itegnaolt's  exporimont,^.  t>ee  I'eabody's  Tables  of 
Saturated  Steam;  also  Jacobus,  I'mne.  A.  S.  M.  E.,  vul.  xii.  593. 
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PROPEBTIEa 

OF  SATURATED  STEAM.— Orn^'nuMt. 
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The  tiililp  on  tlic  follciwiiiK  pnges  wjis  oripinjilly  ]>n))1islic4)  by  the 
author  in  Tmns.  A.  8.  M.  K.  vul.  vi.,  iys4.  It  gives  tho  faetorjf  for 
every  3*"  of  temppnuurc  of  feed-watur  from  .12'*  to  HVi"  V.,  and  for 
every  two  ponntlri  pressure  of  steam  ndthin  the  limits  of  ordinary  work- 
ing steAm-prewuret>. 

The  difference  in  tlic  faettir  corrpRponding  to  a  diffeit-nce  of  3' 
teirperatnre  of  feeil  is  always  t-ither  .0();il  or  .uinjy.  For  interpohition 
to  find  a  factcir  for  a  feed-water  tPinperatun-  between  'M''  and  212", 
not  given  in  the  tabh?,  take  the  fa4rtor  for  tlin  nearest  U'UipL'rature 
and  add  or  Biibtnict.  us  the  case  may  be,  .OOIO  if  the  ditTon-nre  is 
.OO^it.  and  .0011  if  the  dilli-reuc-e  iti  .OCKJ:;!.  Ad  in  nearly  all  eases  a 
factor  of  evaporiition  to  tliree  deeimal  plaeee  iti  accnrate  enough,  any 
ern)r  which  may  be  made  In  the  fourth  docimal  place  by  intorjKibitiou 
is  of  no  practical  importance. 

The  tables  used  iu  calculating  these  factoni  of  evaporation  arft 
thoiic  given  iu  Charlea  T,  Porter's  Treatise  on  the  liieharde'  Steani- 

engine  ludieator.    The  formnla  is  Factor  =  qiTE-Tr*  in,  which  II  ia  the 

total  beat  of  steam  at  the  observed  prcsBaro,  and  A  the  total  heat  of 
feed-water  of  the  observed  temperature. 
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Chinuiey-draft   Theory.  —  The     commonlv    accepted    theory 
cMmney-(lr»ft.   baaed    on    Perlet'a  and    ItanViue'fl    iiypothesea   (w»^ 
Bankine'x  Steam-engine),  is  disctuiHed  by  Pruf.  De  Volson  Wood  iaJ 
Trans.  A.  S.  M.  K.,  vol.  si. 

Peclet  repreaeuted  the  law  of  draft  by  the  formula 


-l'(^+-+#). 


3y 
in  which  h  is  the  "  bea<],"  di<l1nt>d  \\»  Hiirh  a  height  of  hot  gases  as.  il 
added   to  the  {'oluinii  of  gasea  in  the  chimney,  wonld 
produ(T  the  Biini<>  pri'smire  ut  the  fnnmce  ha  a  oohimn  of 
outside  air,  of  tin-  sunie  area  of  base,  and  a  height  eqaal 
to  that  of  the  chimney; 
«  is  the  requirwl  veIoi;ity  of  gases  iu  the  chimney; 
G  a  constant  tu  represent  the  reeistiuico  to  the  paaeago  of  air 

tbn)nju:h  the  coal; 
I  the  leii^rtb  *il  the  fluee  and  chimney; 
m  the  nu^n  hydnuiUi.-  depth,  or  the  area  of  a  cross-section] 

divided  by  the  pt-riineter; 
/a  constant  depending  upon  the  nature  of  the  surfaees  over 
which   the   gases   pasH,  wliether  smooth,  or  aooty  and 
roil  ph. 
liiLnkine'B   formula    (.St«im-<jngine,   p.   288),  dorived    by   giTln^fl 
artain  values  to  the  coustantx  (so-calleil)  In  Peclet's  formula,  is 


A  = 


hi . 

-•^  (0.084) 


//-  /y  =  (o.e6^'  -iW; 


in  which  H  ^  the  height  of  the  ^'hlmney  in  feet ; 

T,  =  4H3*  ?'.,  abwihite  (temiM'rature  of  melting  ice); 

r^  =  absolutt!  Umiperature  <tf  tlit>  gasea  in  the  (chimney; 

T,  =  absoliito  temperature  of  the  external  air. 
I*rof.  Wood  derives  from  this  a  still  more  complex  formula  which 
gives  the  height  of  tdiimiifv  rt'ijnired  fur  biiriuiig  a  given  <|iiantitv  of 
coal  per  second,  and  from  it  he  enl(-iihite»  tlie  fothiwing  table,  showing 
the  height  of  (rhimney  required  to  biirn  reapeotively  iJ4, 20,  and  It!  Ilw. 
of  coal  per  sq.  ft.  of  grate  jht  hour,  for  the  several  iemperaturea  of  the 
ohimney-giiseB  given. 

Rjinkine's  funnula  gives  a  maximum  dnift  when  r  =  21/13r, ,  <ir 
622*  F.,  when  the  outside  temperafnre  is  G0°.  Prof.  Wood  says: 
"This  result  is  not  a  fixe<l  valne,  but  departures  from  theory  in  prac- 
tice do  not  affent  the  rcwult  largely.  There  is,  then,  in  a  proj»orly 
constructed  chimney,  pmperly  working,  a  tempemturo  giving  a  maxi- 
mum draft,*  and  that  temperature  is  not  far  fr*jm  the  value  given  by 
Rankine.  although  ni  special  cases  il  may  be  50*  or  TS**  more  or  less." 


*  Much  eonfuHion  to  BlndentAof  the  tbeurjof  cliimneys  baa  resotled  from  ilieir 
uadBrstattding  tlie  words  maximum  driTt  to  m^Na  maximum  ioleusily  or  praft- 


CWMyBYS. 


OotBlde  Air. 

i')ijmnrir-g*«. 

Coal  p«r  S<|uv«  Ft>ot  of  0r«t9  p«r  Boor,  lb*. 

«           1            W           1            IB 

»» 

AtooW«. 

Tfmpsroiurf. 

FBt)r«nh«lt. 

Height  H,  rMt. 

5ao* 

700 

230 

250.9 

157.6 

87.8 

Atwilvte,  or 

800 

880 

172.4 

115.8 

5«.7 

•••F. 

1000 

ASfi 

149.1 

100.0 

48.7 

1100 

689 

146.8 

9«.e 

48.3 

1200 

739 

1:13.0 

100.9 

49.1 

^^^^^ 

1400 

089 

\m.^ 

105,7 

5I.S 

^^^^^^^B 

1600 

1139 

H5S,H 

ut.o 

53.5 

^^^ 

8000 

1539 

»W.5 

182.8 

6S.0 

^ 


All  fttieniptfi  to  base  a  pmcticHl  fornmla  fnr  chimneys  upon  the 
the^irotirjil  fonnula*  of  Peelet  ard  lijinkinc  have  faileil  on  nccniint  of 
the  impossibilitv  of  apsipiiing  rorrpct  vnhie*  to  the  Bfvrnllert  "  coii- 
Btants"  0  ami/.     (Sw  TnniR.  A.  S.  M.  E.,  xi.  !IS4.) 

Force  or  Intensity  of  Draft. — Tlie  forro  of  tlie  dnift  ir  eqmil  to 
i\\v  ililTert'iici?  iH'lwi't'ii  tlif  WL'iglit  of  the  column  of  liot  giwes  inside 
of  tlie  cliinmey  »iul  the  ueiglit  of  a  calumii  of  the  Bxtt-riiiil  iiir  of  the 
WHue  hfighl.  It  \».  mwiMurfd  hy  a  drnft-gjiuge,  uauully  h  U  tube 
partly  filli-d  with  wiittT.  one  leg  etimieetcd  hy  u  pipe  to  the  intiTior  of 
the  riuc.imdfhe  other  open  to  the  external  air.   (Sec  Fig.  113,n.3n!>.) 

If  /.J  is  the  tlensity  of  the  air  outside,  d  the  (leniiily  of  the  not  gas 
iiiHidc,  in  Iba.  per  eu.  ft..  A  ihe  iieight  of  the  ehlnmey  in  feet,  and  0.192 
the  fuetor  for  I'lmvertiug  prettfure  iu  Ib«.  {wr  sq.  ft.  into  iurhes  of 
wuler-colnmii,  then  the  formula  for  Ibo  forco  of  draft  expretieM,Mi  iu 
inches  of  water  is, 

F=O.Wlh{D  -  d). 

The  deuBity  varies  with  the  abBulute  temperature  (see  liunkine). 
d  =  -^0.084;     D  =  0.0807^, 

where  r„  ib  the  ah^ohit*  tcmperntnro  :it  32"  F.,  =  403,  r,  the  ftbsolate 
terajverature  of  the  ehinuiey-guHe.'*.  and  r,  that  of  tlie  e-ttcrnal  air. 
8ubHtitnCiiig  thoHc  value!)  the  formula  fur  force  of  draft  becomcB 

To  find  tlie  maximum  intemtitv  of  draft  for  any  given  rhimney* 
the  heated  eoluinii  lH:ing  llOO"  F.,  and  the  external  lur  (/C,  multiply 
the  height  uljove  grate  in  foot  by  .0073,  and  the  product  is  the  dran 
in  iiielieri  of  water. 

mm  of  drarc.  u  lueuorvd  bjr  a  drafl-ftauge.  It  here  inmos  maxiniuta  qutniity 
or  nvijchl  of  tiraM'A  piwaiMl  u|i  Vtw  cliluincy.  Tbe  maxiniiini  inUinitHy  Is  fouml 
nn\j  wiiL  lua^LmuiD  trmporftturv,  but  kWvt  the  t«n)[>enitur>>  re»cbi-8  about  622'  K, 
tb"'  ripiiHily  (1/ rill*  i;nii  ilrrmwvA  iiioni  rniiidly  than  iU  vcliH-:ily  iiicreiiBrs,  so  tbat 
tb«  voig^'  >B  *  m&xiiuum  about  623*  F.,  hs  sbowQ  b;  Kaitktnc. 
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aUOHT  OP  WATKRCOLOmi    DUB    TO    I7MBAI.ANCBD  PRKSBCltS  IH   CHlMSEr   100. 
PKKT  HIGH.     (The  r^mamoUnt,  1884.) 
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.511 

.478 

.449 

.4^ 

.393 

.867 

.840 

.315 

S30 

.687 

.60S 

.508 

.538 

.505 

.478 

.447 

.419 

.av4 

.367 

.849 

MO 

.663 

.088 

.s«d 

.568 

.530 

.501 

.47a 

.443 

.419 

.81.3 

.S«7 

860 

.687 

.6S8 

.618 

.588 

.555 

.iWfl 

.497 

.4(18 

.444 

.417 

.393 

880 

.710 

.676 

.641 

.011 

.578 

,M9 

,S','i) 

.403 

.467 

.440 

.415 

400 

.783 

607 

.663 

.633 

..sod 

Jut) 

.Ml 

.si:i 

.488 

.461 

.4.<W 

430 

.7S4 

.718 

.684 

.653 

.&■»> 

.51)1 

.563 

.534 

.500 

.483 

.457 

440 

.773 

.739 

.70r, 

.074 

Ml 

.613 

,584 

.flo6 

.580 

.508 

.478 

4tti 

.793 

.768 

.7'v»4 

.604 

.660 

.683 

.608 

.574 

.549 

.033 

.497 

41^ 

.810 

.776 

.741 

.710 

.678 

.MO 

.020 

.501 

.506 

.540 

.515 

SOU 

.838 

.791 

.:«o 

.730 

.687 

.aeit 

.688 

.910 

.586 

.599 

.684 

For  any  other  beight  of  chimney  than  100  ft.  the  height  of  watt 
cohnnn  iw  f<iuiiil   hy  niiii]i|f  proportion,  tlie  height  of  wiitor-i-olnmi 
being  (liri'ctly  juMportioiml  to  the  height  of  fhimnpy. 

Tliy  cHlfiilatifjiis  hiivi'  been  nuide  for  u  chimney  100  ft.  high,  with 
vnrions  tcnipcrnturpfi  outpidc  hihI  iu-sitk-  of  thi*  rtiu*.  and  on  the  sn] 
p(iKitioi)  that  the  toiiipontturc  of  tin.'  i-himncv  is  tiiiifunn  from  top 
bottom.  This  is  the  Ihwik  on  ^^-hirh  nil  cnU-nlntioim  re^ixx^ting  th? 
draft-powt-r  of  chinint'vs  hnw  htieii  niiul«  by  Uankiue  and  other 
wriitTts,  but  it  itt  mtv  far  from  the  tnith  in  most  cushh,  Tlie  differ- 
ence will  hr  sliown  f>y  comparing  the  re:i']ing  of  the  draft-gauge  with 
the  tabh)  givi'U.  In  ouu  vtun-  a  (riiinnn^y  12'-i  ft.  higli  t^b<iwiHl  a  twu- 
pfmliirc  at  the  bast*  uf  3'iO",  ami  at  the  top  of  'i'M\°. 

llox.  in  liis  "  Trerttise  on  IK'ut,"  gives  tho  following  tabltj: 

DBAPT    l-OWKHS    OF    CHIUSBY!*.    KTC..  WITH   TUB   INTKHHAL    AlR    AT    555"     A3CD 
THE  XXTBRKAL  AIK  AT  63*,    AXD  WITQ  TOK  DAUrKK  NBABI.T  CXOCJED. 


III 

it 

TliooratlcAl  Vpluolt/ 

ago 

Tli«onik»l  Teloeftr 
111  rHMprr8«MM. 

OU  Air 

H-.I  Air 

Culd  Air 

Hot  Air   1 

Enl«rtnK. 

m  Exit. 

Kiii«rlnr> 

MtCzli.    1 

10 

.073 

17.8 

85.6 

i*0 

.585 

r>o.6 

101.3 

20 

.140 

35.8 

BOO 

90 

.(157 

58.7 

107.4     1 

80 

.310 

81.0 

62.0 

100 

.730 

56.6 

118.0     ' 

40 

.293 

85.7 

71.4 

ISO 

.H76 

OS.O 

134.0 

00 

.805 

40.0 

80.0 

150 

1.095 

69.8 

188.6 

«Q 

.438 

43.8 

87.6 

175 

1.377 

74.8 

149.6 

70 

.511 

47.8 

946 

300 

1.460 

80.0 

160.0 

Rat«  of  Combiistioii  Due  to  Height  of  Chimney. — Trowbrid^re^a 
"Hi'At  ami  Hf-iit-i'iipiies "  gives  thv  tnWnwmff  tjihle  stiowing  the 
heights  of  chimney  for  prodiioiug  ocrtain  rates  of  rnmliustioTi  per 
sq.  ft.  of  section  of  the  chinmey.     It  mny  be  iiji|»rosimiitely  true  for 


1 

Urn.  of  Cn»] 

IJbn.  of  Coal 

I.*Mi.  of  Cllll 

\,b*.  «vf  <'-l«l 

8<|imn!  Foot 

H^LKbtB 

Bunnrtl  iMff 

1)111  l.t^l  per 

Hour  jivr 

■•rornir.  Ilifi 

•  >r  Ui-Ht«,  tiie 

III 

SilUAl"  Kuut 

Kati<'  or  Urtkitr 

llaliout  (irau 

iirHti-lliKi 

tllKr^'rillll  (if 

lo  HtH-tiim  nf 

»r  Cbimuvy. 

ImHhk  8  lo  1 

of  Cbliniu-j-. 

betncHlo  1. 

SO 

«0 

7  5 

70 

136 

15.8 

35 

GS 

8.S 

75 

131 

1tt.4 

80 

76 

».8 

80 

ISB 

16.B 

80 

84 

10.5 

85 

i:» 

17.4 

40 

98 

1t.« 

*) 

144 

18.0 

45 

M 

13.4 

a.-) 

148 

18.5 

50 

IM 

13.1 

IIW 

IW 

19.0 

68 

111 

13.8 

105 

1511 

19.5 

1           60 

IIS 

14.5 

110 

160 

30.0 

6.> 

131 

15.1 

anthracite  iu  moderate  and  large  sizes,  but  greater  heights  than  are 
given  in  the  table  are  needed  to  secure  the  given  rates  of  eombustion 
with  small  sizes  of  anthrai^ite,  and  for  bitnminouB  i-oji!  sntaller  heights 
will  suffice  if  the  coal  ii*  reaconably  free  from  ash — 5  per  cent  or  less. 
Thurbton'ft  nile  for  rate  of  combustion  effcctMl  by  a  given  height 
of  ohininey  (Tmns.  A.  S.  M.  K.,  xi.  9!>1)  w:  Subtnu-t  1  from  twice 
the  square  root  of  the  height  and  the  rt'wult  is  the  rate  of  combustiuu 
in  iioundu  per  wpiare  foi>t  of  grate  per  hour,  for  anthracite.  Or  rate 
=3  4'^  —  1,  in  which  h  is  the  height  in  foet.  This  mle  gives  the  fol- 
lowing: 

As    50        on         70         80         90     100     110       13;j       1D0       175       3(l0 
Si'X-ls  18.14    14.49    15.78    16.88    17.07    19    19.97    31.88    33.49    25.45    37.38 

The  rewdU  agrtw  closely  with  Trowbridge's  table  given  alnive.  In 
practice  the  high  mles  of  condmslion  for  high  chimneys  given  by  the 
formula  are  not  generally  obtained  for  the  reason  that  with  high 
nhiraneys  there  are  ui*ually  lotig  horizontal  flues  senlng  many  boilers, 
and  the  frirtion  and  the  interference  of  currents  from  the  several 
Imilers  are  ajit  to  cause  the  intensity  of  draft  in  the  brunch  linos  leml- 
ing  lo  each  boiler  to  be  much  loss  than  that  at  the  laiae  of  tho 
chimney.  The  draft  of  each  boiler  is  also  usually  restricted  by  a 
damper  and  by  bends  in  the  gaa-pae.'wges.  In  a  battery  tpf  several 
boilera  connected  to  a  chimney  I'lO  ft.  high,  the  author  found  a  draft 
of  J-in.  watcr-rolumn  at  the  boiler  nearest  the  chinuiey,  and  only 
J-in.  at  tlie  boiler  farthest  awity.  The  first  boiler  was  wasting  fnel 
from  too  high  temperature  of  the  chimney-gjw*e«.  {hiO".  having  too 
Urge  a  grate-jsurface  for  the  liraft,  and  the  last  boiler  waa  working 
below  its  rated  capacity  and  with  poor  economy,  on  account  of  insufll- 
cient  draft. 
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Tlu*  otTect  of  changing  the  lenj^th  nf  the  fluo  loading  into  %\ 
ohminoy  (iO  ft.  high  anil  ^  ft.  '.I  ins.  tttjimre  is  givL^'U  in  the  fnliowingl 
tttMf,  fn)in  li^ix  on  '•  Heat ": 


LeBfUi  or  Flur  iu  Vwt. 

Humk-powvT. 

Lemrtb  of  KltM  Iti  V<n\. 

Boraie-powvr, 

00 

100 

1                  900 

'               400 

eoo 

1U7.6 
100.0 
85.9 

70.B 

800 
l.OW) 
1.500 
3.1100 
3.000 

ftC.l 

51.4  ^ 

48. 5  ^1 
tfd.3       H 
81.7       ^ 

Thp  teniiicrattire  of  the  gamg  in  this  chimney  was  n8sun]c>d  to  l> 
552''  F..  jtiul  rliiit  i.f  till-  atnuMphcre  tii°. 

High  Chimneyft  not  Necessary. — C'liimnevH  almre  IdO  fl.  in  height 
are  vi-n*  c^wiily. mitl  liu'ir  iurn'rifed  i-»wl  is  rMfyly  juMlitied  by  iiK-rcjwtHl 
efficirncv.     In  rt-iieiit  pnu-ticc  il  h.'ie  btit'OiuL*  oumcwhat  comnmn  to] 
build  tvtu  or  iniiru  t^mallor  chlnLn^-ytt  imttL^ad  uf  one   lurifu  une.     \{ 
notablu  ex:uii|)if  in   tiie  Sprt't-kclB  Sugar   Keiincry  in   I'liiluddiihis,] 
when*  llirt-i.'  tKiparutL'  ehinnifva  iire  used  for  one  boili.>r-|daut  of  TrnW 
W.V.     Tile  tliriH-  diimnovB  are  ^id   to  have  rost  several   Ihouttaud 
dollars  less  tJian  a  single  ehiinney  of  thoir  fonibined  caixvcity  would 
havf  f'ost.      Very  tall  ehiiniieys  have  bt-en  rbanu^terized  by  one  writor-l 
ii«  ••  nionumoiita  to  tho  folly  of  tlii?ir  builders." 

Height  of  Chimney  required  for  Different  Fuels. — The  rniniiiiura 
bright  nef'e^wiry  varies  with  the  fuel,  wood  rociuiring  the  lea^t.  then 
good  hitnniiTious  eoal,  and  line  sizes  of  anthnwtte  the  gre«to*it.  It] 
alwt  vjvries  with  the  I'haratiter  of  the  boiler — the  ttnialter  and  nioro] 
eirfiiitniiH  the  gas-pa*yig»'«  the  higher  the  fXavV  re4(iiin'<i;  alfco  with 
till*  iiunii.er  of  bnilcru.  a  fingb*  boiler  requiring  less  height  than  wveral 
that  dii^iharge  into  u  horizuntal  flue.     No  general  rule  ean  be  given. 

Size  of  Chimneys  correspondiDg  to  Oiven  Capacity  of  Boilers. — 
The  formula  giv<-n  bebiw.  uiul  the  table  euleulated  therefrom  for 
ehiinneVH  up  tn  !m;  iutt.  ditnueter  luid  'ZU\)  ft.  high  Were  fir.st  publi^hiil 
by  the  "author  in  1SH4  {Trans.  A.  S.  M.  K.,  vi.  81).  They  have  met 
with  nnnrh  approval  sinee  tlut  date  by  ongineerit  who  have  uyix] 
thcni.  and  have  been  fretpiently  ]>ubli»hed  in  boiler-uiakenT.eatalognoa 
and  elsewhere.  The  table  is  now  extended  to  cover  chimneys  np  to. 
Vi  ft.  dtamotvr  and  ;!00  ft.  high.  The  sizes  corresiKinding  to  tho 
given  conimerciHl  horse-powers  are  believed  to  be  ample  for  all  eiieos 
ui  whieh  the  draft  areas  Ihnuigh  the  boiler-llues  anrl  ronnei'tions  are 
suRieietit.  say  not  lesft  than  *-.'0  per  cent  greater  than  the  area  td  tho 
chimney,  aiul  In  wliich  the  dnifl  between  the  iHMlert^  and  ehimno}*  ia 
not  cheeked  by  lotig  bt>nzontal  itast^ageti  ami  righl-arigU><l  In-nds. 

yote  thttt  Ihe  J}yure$  in  the  laltie  corresjioud  to  rr  vui$}  ntmsutuption 
of  .1  Ifuf.  of  rnnl  /ter  h<tr*e-}Mwer  j>rr  hour.  TIiib  libenil  allowance  is 
made  to  cover  the  eontingencios  of  poor  iroal  Iwing  useil,  and  of  the 
boilers  being  driven  beyond  their  rated  capacity.     In  lai^e  pluntt*. 
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with  ecoiiomiciLl  boilers  and  etigiiius,  good  fuel  and  other  favorable 
conditions,  witich  will  rfdia-e  the  miixinuiiu  rate  of  coal  couBuiiiplion 
at  liny  uiw  time  to  I^nk  tluni  a  lli^.  per  II. P.  per  hour,  tho  figures  In 
the  tiibk'  iniiv  bi'  irndtipliccl  by  tho  ratio  of  o  to  tlie  niaxiiiuini 
#xpeet(Ml  <-*Mil  fonwiiiiptioii  jier  U.P.  per  btnir.  'I'hu.-*,  with  cninJitions 
whieh  inuke  the  maximum  eo:tl  eoriwmipliou  only  ««'>  Mts.  jjer  hour. 
thL'  i-liimney  300  ft.  high  X  Vi  ft.  diunii'ter  ahould  be  siifHeient  ftir 
(1155  X  2  =  l*i,aiO  horst-powcr-  The  formula  is  btwed  on  the  follow- 
ing datJi : 

1.  The  ilmft-power  of  the  eliininey  varie**  ne  the  S(|nuro  root  of  the 
heif^ht. 

i.  Tho  retftTding  of  the  iMM-endin^t  papcs  by  friction  may  be  con- 
sidered HM  equivalent  to  a  diminution  of  tlie  area  of  the  ehininey.  or 
to  a  liiiiug  of  tilt  ehimiiey  by  a  layer  of  gas  whieh  has  no  velocity. 
The  ihiekness  of  this  lining  is  assumed  to  be  'i  ins.  for  all  ehimneyt'. 
or  tho  diminution  of  area  equal  to  the  perimeter  x  '■!  ins.  (neglecting 
the  overlapping  of  the  comers  of  the  lining).  Let  D  =  diameter  ia 
I         feet,  A  =  artsi,  and  £  =  effective  area  iu  square  feet. 


For  square  chimneys,  E  =  E^  ~  Ty~'*  ~'i  ^■^' 

For  round  chinmeya,   E  -  %\p^  ~  fa)  ~  '^  ~  0.691*'57 


'or  8ini})lifyiug  caleulatiotiB.  tiic  eoeffifieut  of   V A  may  be  taken 
^6  for  both  square  and  round  chimucya,  and  tho  fonuulu  becomes 

K  =  A  -  O.C  VA. 


3.  The  power  Tftrios  directly  as  this  effective  area  E. 

4.  A  chimney  should  be  pniportionpii  so  as  to  be  eapable  of  giving 
Buffieient  draft  t<»  ruuse  the  boiler  to  develop  mnrh  more  tliuu  its 
rated  jxtwer,  in  cjise  of  eniergcnciei*,  or  to  eatiae  tho  combnstiou  of 
5  Ibd.  of  fuel  ]ier  ratwl  liorse-power  of  Ixiiler  per  hoar. 

5.  The  ]Kiwer  of  the  chimney  varying  directly  »€  the  effective  area, 
J?,  and  as  the  square  root  of  the  height,  7/,  the  formula  for  horse- 
power of  boiler  for  a  given  size  of  chimney  will  take  the  form  II. P. 
=  VKSii,  in  which  ('  is  a  constant,  the  average  value  of  which, 
obtaineil  Ijy  plotting  the  resulta  obtjiiuu-d  from  numerous  examplen  iu 

jractioe,  the  author  finds  to  be  3.33. 
The  formula  for  Jtorse-powor  then  is 

ir.P.  =.3.33/; t'S;     or     H.P.  =3.33(.I  -0.6t^)V77. 
If  the  horse-power  of  boiler  is  given,  to  find  the  size  of  chimney, 
the  height  being  asieumod, 
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For  round  chimneys,  diameter  of  chimney  =  diam.  of  ^  +  4  ins. 

For  square  chimneys,  side  of  chimney  =  ^E  +  4  ins. 

If  effective  area  E  is  taken  in  square  feet,  the  diameter  in  inches 

is  d  =  13.54  V~E  ■\-  4  ins.,  and  the  side  of  a  square  chimney  in  inches 
ia  a  =  12  i^E-\-  4  ins. 

If    horse-power    is    given   and    area  assumed,   the  height  H  = 


r-^)- 


In  proportioning  chimneys  the  height  is  generally  first  assumed, 
with  due  consideration  to  the  heights  of  surrounding  buildings  or 
hills  near  to  the  proposed  chimney,  the  length  of  horizontal  flues,  the 
cliaracter  of  coal  to  be  used,  etc.,  and  then  the  diameter  required  for 
the  assumed  height  and  horse-power  is  calculated  by  the  formula  or 
taken  from  the  table. 


CHAPTER   XVn. 


MTSCELLANEOUS. 
EcoivoMisBRs. — Ai'PAnATue    roR    IsDirATiso    PDRKAtri:    Conditions.— Tub 

AKMIT  Ec'OSOMKTKll.  — Fl.t:E.OA»  ASALVSM  A.ND  THH  IIkAi  BaI.ASCE.— 
l)E»tOSIS<i  IJon.Kim  Kdlt  a  SrUEET-ltAILWAV  1'J-A>T.— LoBM  OF  FCKl.  DVK 
TO     KKBI'lNfi     I'P     STKAM-PKKHSfKE     IN     lOI.K     BoiLSRS.— COAI.     I'SCD     IS 

Haski:i»  Firkb  xot  a  Xeasike  ov  RAniATioN.— Cost  of  Coai.  peu  Builbr 
lIoitaK-lliWIIH  PEIt  YKAU. — tk>tI.KR-ROOM  LaBOR. — STBAH-bOlLEIt  PbaCTICS 
or  TtIR  FcTintB. 

Economizer!. — The  Greon  economissvr.  Vlg.  131,  conAieU  of  a  r«- 
Urij^iliir  chaiiiUT  of  brickwork  filled  with  a  (jrcnt  iiiinihcr  of  vt-rtiiuil 
ciwt-iron  witLor-tulM'ji.  Tlie  wiiwty  Iiiiit  from  iho  c-vUiidor  builitr  is 
carried  into  this  chamber  before  hein^  lilbjwud  to  enter  the  chimnej, 
mid  heals  the  fii-^i-wuTvr.  which  [lassets  tlirouph  the  tubi«  under  prostEun*. 
*to  ii.  ti'mpemtnro  ii[i|irnjii-hiiig  that  nf  tlie  ali-am  j;enornt('d  in  the  boiler. 
Tbii<  ei'ouomizBr  is  very  commonly  used  in  England  with  Ijaneafiliini 
boilers,  and  han  been  Lirguly  iiitroducod  in  this  eountry.  eajKH-iallv 
in  hirjre  phmts  sur}\  iw  «iigar  relineries.  The  luivisubility  of  it-n  use 
in  any  purliriilar  oanu  is  a  mutter  of  closu  ealeulHtion,  in  which  tho 
faetxirrt  are  quantity  of  i-oid  used  and  of  water  evaponitod  by  the  boilent, 
temiwruture  of  the  feed-water,  iemi>enitnre  of  ihe  waste  gutius  fn im  the 
boiler,  coat  of  tlie  eoononiizer.  annual  rO(*t  for  iutereel  and  jimbiiblo 
repairs,  and  probable  savin]tt  by  Ihe  i^cononiizer. 

Dala  fur  J'roporfiuiting  a  (Jreen  Kvonomiter, — ^The  Fnol  Econo- 
mizer Co.  makes  the  foUowiup  ittatement  concerning  the  amount  of 
heating  mirfiu^o  to  be  providiHl  In  an  economizer  to  l)o  n«cd  in  connoi- 
tion  with  a  given  annnint  of  l>oilors,  and  conceniing  the  results  which 
may  be  oxpcctcl  from  the  economizer: 

^S'e  have  found  in  practice  that  by  allowing  4  gq.  ft.  of  heiatin^ 
Burfaco  \>cT  boiler  horse-power  (34  J  lbs.  of  water  evaporated  from  and 
at  'IVi"  —  I  H.P.).  '"'P  "re  «*»Ie  **>  i^ise  the  feed-water  (in"  for  everv 
100'  reduction  in  the  tempcrutnrc,  entering  the  economizer  with,  glutei 
from  450"  U>  (iOO", 

With  temperature  entering  the  economizer  at  000*  to  700"  we  have 
allowed  a  heating  surface  of  4^  to  5  8^.  ft.  of  beating  Aurface  ja-r 
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boiler  horse-power,  ami  fur  awry  100"  reduL-tion  of  gnscm  we  have 
obtftinod  about  Hh"  rise  in  tuniporatiire  uf  the  ftiiter;  the  lero]>t>ratiire 
of  the  fcofl-water  (Miterjup  nvcragiiig  from  UO''  to  I'-JO". 

With  .VHJO  fA\.  ft.  of  iHjjh^r  lienting  surfacic  (j)Iain  cylinder  boilers) 
develo)>in(;  iniHi  11.1*.,  we  should  recommend  iwing  i>  s(|.  ft.  of 
economizer  heating  Burfuce  |Njr  boiU>r  H.F.,  or  an  eronomizer  of  about 
5U0  tubes,  aud  il  unould  heal  the  ^cud-water  about  30U°. 

CuhulfUitm  of  the  Saving  Effected  hy  nn  Economizer.— If  there 
were  uo  lofts  by  nulialion  from  tlie  eeonomizer,  and  no  leakage  of  air 
into  ita  briek  Betting,  the  hoat  lost  by  the  gases  in  {lassing  Lfarongh  H, 
tm  measured  by  tlii'ir  difference  in  tL-mperatnrt!  on  cTitoring  an<)  heaving, 
would  exactly  equal  the  heat  added  by  the  economizer  to  the  feed- 
water.     The  following  calculation  is  baaed  on  this  twmimption: 

Snppose  the  Iieating  ralue  of  1  lb.  of  fuel  to  \iv  14,400  B.T.C; 
that  it  is  thoroughly  hnrned  with  about  34  Iba.  of  air,  nutking  2b  Ihs. 
of  gHH  per  pound  fuel;  that  the  boiler  abeorbtt  70  per  cent  of  the  h«it 
generated,  aiul  the  ei'onomizer  40  j>er  cent  of  the  remainder,  making 
the  efficiency  of  the  boiler  and  economixer  combined  82  per  cent ;  and 
the  loss  of  heat  in  the  chimney-gases,  includiug  radiation  from  ths 
Imiler,  18  per  cent. 

Teiu|>cr»ture*«f  thefiw ok^'^'wi  =  WW* 

T<*mpcnture*  of  gmseii  lenving  boiler 2400  x  0.80         790* 

*"      "  *•       ooonumiser 720x0.80         4tT 

B.T.U.  V.K  t  ( 

Il»ling  value  of  the  fael  per  lb 14.400        14.M  109 

Aintorlrril  by  Llie  Itoiler  p«>r  lb.  fuel 10,080         10.43  TO 

AI>M>rlMH]  by  tlie  ecoooraizer 1,7S8  t.788  IS 

IteiuimiJcr.  «8cmpei  tuto  cblmnej 2,5ft3  S.W3  IS 

Useful  elftict,  boiler  and  economiier 11,906        I2.S18  SS 

Temperature  of  faed^water  ooteriDg  eennnmisar.,..         62*;  B.T.U.  above  82*    80 

f^teafu-prwuurt),  130  lbs.  gaugf;  teint>vi«ture =:  85S*;        "  *<  SS7 

Toial  Uaatof  t  lb.  sieam  I10O.4  B.T.L'.;  Uudi  heat.     MS  B.T.U. 

FacUT  of  evaporatloD  83*  lo  180  ibs.  =  1.30 

Waier  evaporated  per  lb.  fuel,  12.318  ■*- 1.3  =  10l18S  Iba. 

1728  -i-  10.182  =  16K.7  B.T.U.  added  to  each  1  lb.  water  b^  tbe  eounomlser, 

lO.OeO-*-  10.I88  =  BW.0 boiler. 

160.7  +  30  ~  199  7  B.T.U.  In  1  lb.  waUr  enteriug  boiler.  =  280*  F 

Of  the  990  B.T.U.  added  to  each  1  lb.  water  by  the  boiler, 
327  —  199.7  =  127.3  B.T.U.  il  uwd  in  miifing  its  temperature  from 

*TeDiperi(ur«8  nieasurod  aboTo  tbe  atmoepltetic  tempenUure, 
t  Units  of  Evaporation  ==  lbs.  evaporated  from  and  at  SIS*. 


70  +  12  1160 

Expreased  in  tbe  shapo  of  a  formula: 

#  f     I  _  Hent  fulde<I  lo  VMch  !b,  r>f  water  liy  tlie  Monomizor 

"  ~  Heat  addt^  to  eacli  11>.  of  wat«r  li;  botlj  boiler  and  «coni>inii«r* 

Tho  aboTo  is  the  usual  method  of  calewlating  the  Baving  of  fuel 
duo  tu  tltp  use  of  an  t't-onomizer.  It  is  a  corro«*t  method  when  the 
pri>hlpm  tn  ho  solvml  i«  likn  tin?  following:  "What  will  the  fuel  saving 
by  when  u  (ilaiit  U  provided  wirh  both  boilor  and  economizer,  giving 
a  ('(unhined  effltnenry  of  S'i  jier  ecut,  as  comparwl  with  ii  plant  pro- 
vided with  boilers  alone,  giving  an  eflficient-y  of  70  per  cput  ?" 

It  is  incorrect,  however,  when  the  prohUmi  is  of  a  different  nature, 
snrh  at*  tho  following:  "A  pliiiit  has  boilers  and  uconomizci'S  running 
an  Ml  the  above  example,  the  boiler  ntilixiTig  70  |>er  cent  and  tho 
economizer  13  per  cent  of  the  heating  valuo  of  tho  fuel:  what  is  the 
saving  of  fuel  bv  the  use  uf  llie  economizer  im  compared  with  the  fuel 
that  would  be  uited  by  the  8:iine  boilers  delivering  thu  8;ime  anuMint 
of  steam  without  the  economizer?" 

lu  thin  case  it  ia  evident  iliat  the  boilerB  will  be  driven  harder  if 

Ihey  have  to  do  tho  work  of  tho  economizer  in  addition  to  tlieir  «iwn; 

more  eoal  will  bo  burned,  the  gtues  will  escape  at  a  higher  tempera* 

ture,  anil  the  oflicicuey  of  the  boiler  will  be  lower.     It  is  neccfwary  in 

this  case   tn   know   tlie   rate   at   which    the    effii-ieury    of   the   boiler* 

decreases  with  inereiuMMi  rate  of  driving,  or  tbo  "efficiency  curve ".o^' 

the  boiler.     Frum  the  data  lu  the  above  example,  we  may  moke  1^- 

approximate  estimate  of  the  rate  of  decretive  of  efUciency,  using  a  *, 

formula  given  in  tho  chapter  on  "  Efficiency  of   Heating  Surface/* 

neglecting  the  loss  by  radiation,  as  imimpOTtant. 

W 
Tho  formula  is  EJ  =  BE^  —  A-^^  in  which   JT/  =  OTaporstioii 

per  pound  of  fuel  from  and  at  213";  Ep=  possible  uvaporatiou  = 
heating  value  of  the  fuel  -¥■  IMir).";  W  =  water  evaporateil  per  hour; 
S  =  fW|nare  feet  of  heating  Burfaco;  B  =  (T,  —  t)  -i-  T,;  T,  =  tem- 
peniturc  of  tho  fire  aud  /  tho  tomperature  of  tbo  water  and  steam  in 
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the  boiler,  both  being  metutun^  abi>ve  ihti  iiimoHplieric  t4iiii|K'mture; 
A  =  acf-^  {1\  ~  t),  a  bi>mg  the  coefficient  of  efficiency  of  the  heal- 
ing Hnrfiit'e,  c  the  BptMMfie  hcait  of  the  gH-so?,  hih]  /  the  weight,  of  giw 
per  pound  fuel.  Fur  the  oxample  given  wo  liave:  EJ  =  10.43; 
^P=14.y0;    r,  =  2400;    /  =  2i>3;    J?  =:  0.88;  /=25;    c  s=  0.24j 

W 

a  =  300,  for  good  boiler  pnwAice;   A  =  0.57;   A','  =  iyj^p  —  "^Ic** 

II"  H-'' 

10.43  =  0.88  X  H.ttO  —  0.57 -r;  whence  ---  =  4.7  Ibe.  water  ev»p. 

o  o 

orate<l  from  and  at  2VZ°  per  eq.  ft.  of  heating  atirfnee  jierhour.    Thbi 

is  tho  rate  of  "  equivalent  evaporation  "  of  the  boiler  when  it  lias  tho 

MronomizET  attached,  and  i.s  utilizing  70  per  ^ent  uf  the  heating-value 

of  tlu'  fnel.     SuppoHc  now  the  ecronomixer  is  diHi^mneoted  and  tho 

boiler  is  required  to  do  the  whole  work.     Its  equivalent  evaporation 

luuat  then  he  iuurciisod  in  tiie  ratio  of  812  to  70,  or  to  4.7  X  K2  -t-  70 

W 
=  G.A1  llm.     Snb«titiiting  this  value  of  -^  in  the  formnla  we  Iiave 

B^  —  14.00  X  0.88  —  0.57  X  5.51  =  ft.07  lbs.,  and    the   effirieney 

ff. -^  ^p  =  £1.07 -J-  I4.!:t0  =  ecu    im  eent   instead   of   70   pi-r  ceut 

obtained  by  the  boiler  when  it  was  run  with  tho  economixer. 

8S  ^  (iti  9 
The  paving  by  tho  use  of  the  economizer  iu  this  case  is — — — 

=  18.41  per  cent,  in&tead  uf  14.63  per  cent,  the  result  obtained  iu  thtt 
first  example. 

Apparatus  for  Indicating  Furnace  Coaditioni. — It  has  beon  iihowii 
in  Chapter  IX  tliat  the  eHiciencv  of  a  steani-lmiler  itejiends  largely 
upon  the  air-eupjply.  or  in  otlwr  wonls  upon  the  nuiti)>er  of  {Htuuds 
,of  gases  of  combusiimi  i>cr  pmnul  of  earlwn.     It  is  found  by  experi- 
ment that  the  highest  efticifncie*f  are  ubtiiiniNi  wlien  the  weight  of 
^ffHS  is  from   lit  to  '.iO  lbs.  per  pound  of  carbon.     Tliis  correK|M)nds 
jApproximately  to  a  gas  contuinitig  about  15  per  cent  CO,,  5  per  cent  0, 
•^   ftO^>er  cent  N,  and  no  CO.    A  Bmatler  air-8iipply,  ginng  fewer  pounds 
of  ga«  per  pound  of  carbon,  will  not  be  sufflrient  to  maintaiu  complete 
conibuatiun,  aud  will  cauric  muro  or  less  CO  to  he  in  the  gas,     A 
greater  air-»ujii)ly,  iucrciuiing  tho  weight  of  gas  per  ponnd  of  carbon, 
nieanft  a  greaier  loss  of  heat  in  tho  chimney-gases,  which  will  then  be 
high  in  0  and  low  in  CO,,     As  has  already  been  stnunl  it  is  a  mattor 
of  the  ntmost  diificnUy,  with  ordinary  firing,  to  rognlato  the  air-sup- 
ply BO  .as  to  maintain  the  gas  at  the  proiwr  composition. 

^laximum  economy,  as  far  ua  the  operation  of  the  furnace  It  uon- 
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ceniedt  ia  coincident  with  maximtira  furnace  tempemtiire,  also  witli 
the  gasee  of  combustion  contiiining  from  14  to  16  p«r  cent  CO,  and 
from  5  to  7  per  wiit  0.  If  thyre  x-rnxVl  bo  a  continuous  record  con- 
veniently niaile  either  of  iho  furuaoe  temperature,  or  of  the  percentage 
of  CO,  or  of  0  in  the  g»Ke«,  so  that  the-  fireman  tuulil  observe  this  record 
and  kuow  tlie  condition  of  his  furnace  as  easily  and  m  accurately  as 
he  knows  the  atoum- pressure  by  coiisuUing  his  Bteam-gauge,  the  aver- 
ago  boiler  efficiency  in  onliuary  practice  might  be  raiBed  10  or  20  [ler 
cent,  and  a  groat  saving  of  fuel  thereby  iw  made. 

For  meaBuriug  furnace  temperaturpB  there  are  now  available  the 
Jji  Chatelier  ele*'trical  jij-rometcr,  the  Uehling  &  Steinbart  pneu- 
matic pynmifter,  aiid  the  Itrictol  air-thermomotor.* 

For  continuously  indiniting  the  percentage  of  CO,  in  the  gaM« 


Fm.  183.— TiiK  AKNirr  Ecosomktkr. 
there  are  the  Uehling  &  Steinbart  gas  comjtnHimcUT  and  the  AriuU 
eoonometer,  a  recent  Gcrnuin  invention, f     A  brief  deM.-ri])tiou  uf  ihia 
Instmmcnt  ih  given  bolnw,  and  it  is  illustrated  in  Fig.  133. 

*  For  furtlier  information  conceroing  tliese  InatrnmentA  CMoaalt  tlie  circulars 
of  tho  nianafBCtar«rs.  Tlio  Americao  ustit  oT  the  electrical  pyrometer  in  Cbao.* 
Ennlhanl,  41  <'on1ftitdt  Stn-pt,  New  lork.  rehling  h  Slulnbart'*  addn-Be  Is 
CarlstsdI.  N.  J.,  ami  the  BriBi"!  Mfp.  I'o/t.  i<j  Walfrbiirr,  Cona. 

jJoneph  Wllckes,  Ageot,  lOfl  Fulton  Ijlntet,  Kew  York. 
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The  Arndt  EconomeUT. — Tliii}  apparatus  consiste  efiaentially  of  a 
ileliruto  baUncc  which  continually  weighs  tlie  flue-gaetw,  htkI  thua 
in(Iic«t«(  their  compositiou.  Carhouic  acid  ga«  is  .V2  per  wnt  heavier 
than  air;  th(!  weight  of  the  flue-fpiees  thns  de)x.-iuls  upon  the  amount 
of  carbonic  acid  eaa  they  contain,  and  the  weight  is  an  index  of  the 
conwKisition.  Tnu  gas  is  drawn  from  the  fumace-flue  through  a 
eniall'iiizetL  jtijwaiid  pasties  first  tliroiigh  two  gas-filters,  a  cnarse  and 
u  fine.  Thu  puriMj^e  of  thi*ne  filters  ih  to  remove  the  dust,  which, 
if  allowed  to  pntv  on,  would  accumulate  in  the  weighing  apjuiratiift 
uni]  vitiate  the  reeulta.  The  tir«t.  lilter  ik  j>la4!ed  a«  near  as  may  be  to 
the  boiler,in  order  to  prevent  tho  dust  panwing  on  and  olwtnirting  thti 
pipes.  After  piiiwing  tlie  Becond  filter,  tlio  gas  paai-ea  thretugh  a  drier 
which  i8  filled  with  calcium  chloride  to  absorb  the  moiature.  PaAnng 
from  the  drier  through  the  ci>niin-H-ting-pi|te8,  the  gaa  ia  finally  die* 
ebargiMl  thnmgh  a  nnw-he-ad  into  the  gaw-hulder,  which  ia  a  hafloon- 
ghajH-'d  ve8(<e)  of  glaiu,  il-s  ojH>n  ninuth  luingiiig  within  the  glasa  uup. 
Fnmi  the  ciijt  the  gus  is  dniwn  through  tlie  uonnecting-pipe  wbieh 
connects  with  the  chimney  thnmgh  an  aspirator  if  necepsar)'.  There 
\6  thus  a  constant  cirenlatiuu  of  gas  tbroigh  the  instrument,  and  the 
gas-holder  is  constantly  filled  with  gas  representing  the  product  of 
the  furnace.  The  gas-holder,  as  will  Iw  seen,  is  hnug  from  one  end 
of  ft  delicate  balance,  whoa©  pointer  movos  over  a  seale  which  \»  gradn- 
ttted  Ro  as  to  indicate  dirertlv  the  pprrentage  of  carbonic  aoid.  The 
scale  is  mounted  in  a  cast-fron  b(.>x  with  u  glass  front  which  is  air- 
tight except  for  a  t\\\&\\  air-inlet.  It  is  essential  that  the  box  be  filled 
with  atiiifwpheric  air,  and  the  regulating  cocks  are  so  adjusted  that 
the  draft  through  the  tnlx>  mnt-tantly  dniws  the  air  from  the  cnee,  and 
eo  intnires  that  it  shall  W  filled  with  air  only. 

A  snitaltle  snj>p]y  of  air  given  from  \)i  to  I.'i  per  cent  of  carbonic 
acid  in  the  Ilue-gii8,  and  any  (leficieuc-y  in  that  percentage  indicates 
that  too  nnic-h  air  is  being  admitted. 

Flne-gaa  Analysei  and  the  Heat-balance. — In  the  hest^-bolancv 
computed  fruui  the  rctfult**  of  a  boiler-teat — see  Chapter  XlV^pagea  34-2 
and  iJ^t!) — the  heal  whii-h  is 'Minaoconnted  for"  sometimes  amonnta  to 
quite  a  large  iK-n-eiitage  of  the  total  heating  value  of  the  coal.  In  one 
ease,  with  soft  coal  rerj-  high  in  moisture,  the  author  found  it  to  be 
more  thau  30  per  cent,  even  after  a  liberal  allowance  had  been  made 
for  radiation.  Some  pmbable  causes  of  this  shortage  in  the  beat- 
bahinee  are  the  following: 

].  The  calculations  rjf  heat  lost  in  the  chimney -gas  are  based  on 
the  supposition  that  the  dry  gas  contains  only  CO,,  CO,  O,  and  \. 
The  fact  is  lliat  for  a  short  period  after  each  firing  of  fresh  ctud  the 
gas  may  also  contain  H,  formed  by  det'omp<wing  the  moisture  in  the 
|fx>al,  and  CH,,  distilh^d  from  the  coal,  which  are  not  burned  hei-anse 
the  furnace  conditions  were  unfavorable.  The  gas  may  also  contain 
some  SOj  and  NO,*  fnmi  the  sulphur  and  the  nitrogen  in  the  coal. 
As  much  as  1.37  per  cent  of  NC)  has  been  found  in  chininev-ga.'^es 
by  Dr.  A.  H.  Gill.*     This  would  indicatu  the  ]Hi«8ibility  that  a  small 

•  Saffitum'tie  *^«r9,  P*b.  18,  I8»7,  p,  107, 
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vjuantity  of  oxides  of  nitrogen  muy  bo  produced  from  the  nitrogen 
of  the  air  in  the  boUcr-funuice. 

S.  The  goa  analyzed  muy  uot  be  a  fair  average  sample  of  the  gas 
the  flue.  The  eoustitutlun  of  gas  prudutx'd  in  an  ordinary  fiimaco 
'is  eoimtttutly  varying;  within  a  bpace  of  ton  minutes  it  may  vary  from 
low  C'Oj,  high  CO,  and  no  (J,  through  high  (.'0,.  no  CO,  and  low  <),  t<i 
low  CO,,  no  CO,  and  high  0.  The  gas  is  also  apt  to  vary  iu  eomiMwi- 
tion  in  different  parts  of  the  Hue.  See  "Sampling  Flue-giisus,"  page 
165. 

3.  The  analysis  for  CO,,  CO,  0.  and  N  (by  difleronce)  may  be 
erroneous.  Sometimes  analysoM  are  ]>ul>liMhed  whioh  show  the  total 
of  CO,,  CO,  and  0  to  be  only  about  1(3  per  cent.  It  is  very  improb- 
able that  the  sum  of  these  gases  can  evpr  be  as  low  as  I*)  jht  cent  in 
boiler  practice,  ('xeept  i>0BAiblv  for  a  minute  or  so  after  tiring  fresh 
■coal,  when  largo  volumen  of  ll  and  of  CU,  may  be  given  otT.  When 
carbon  x-*,  thuniughly  bunu'd  to  CO^,  either  with  nr  withont  exooss  of 
air,  the  &\im  i»f  CO^  and  O  should  equal  'Zi).[>  jier  cent,  and  the  N  T!).T 
)f  the  volume  of  the  gacics.  Carbon  burned  to  CO  only,  without 
tceaa  of  air  would  give  a  gas  i-unUiiiiing  34.5  percent  Cfj  and  65.5 
>r  cent  K.  Hydrogen  burned  in  air  without  excess  would  give  a 
Iry  gas  of  lUO  percent  N.  The  uormal  valuo  of  the  sum  of  CO,  and 
0  being  ao.ft  per  cent,  and  the  production  of  CO  by  imperfect  com- 
l|bnstion  tending  to  make  the  sum  of  CO,,  CO,  and  O  higher  than  this 
fure,  it  would  re(|nire  the  burning  of  a  large  percentage  of 
lydrogen,  or  the  dilution  of  the  gas  by  a  large  volinue  of  hydrocar- 
bons, to  reduce  the  sum  of  CO^,  CO.  nnd  O  to  as  low  a  figure  as  Ifi. 
the  sum  is  beluw  I'.i.  an  error  in  the  uiuilyf=in  may  be  suspected. 
Designing  Boilers  for  a  Small  Street-railway  Plant."~In  entering 
upon  thestudit^sprelitiiiuary  to 
ijhe  design  of  the  stttam-bnilers 
)r  a  smdl  or  mpdium-sized 
loclrical  street-niilwuy  power-  ■« 
phuit  the  engineer  must  take 
into  cousideratiou  some  pe- 
culiar features  uf  the  service  re- 
3Hinwl  from  the  boilers  wliii-ii 
iffer  more  or  less  from  tliowc 
whiib  govern  the  design  of 
)Uers  for  other  purposes,  such 
a  factory.  Sneh  features 
the  extreme  variations  of 
the  load  upon  the  engines  from 
hour  to  hour,  and  the  conse- 
quent variation  in  the<juantity 
of  steam  to  be  furnished;  the 
prime  necessity  of  having  the 
boiler-plant  const4iiitly  in  con- 
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dition  to  funiish  tlie  maximum  amoonl  of  steam  required  during  the 
•  From  ftu    tijcle  by  vU«  uuibur  id  ^eet  ttaUutt^  Jtmtit,  Fekruaiy.  16W. 
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honn  of  heaviest  loiul :  the  iibscnoc  of  holidays  ur  ttlack  aeamni)  (lariog^ 
which  gt'iu'ra]  repairs  or  lUtcratioiiB  muv  Ije  made;  and  the  considfer-i 
ablo  iinucrtiiiiity  that  exieta  before  the  pltiiu.  is  ]mt  m  opemtiuu  loii-| 
ceming  the  actual  amuuiii  of  iMJwtT  that  may  lie  requirwl  and  th»j 
probable  additiuiiH  lliat  may  be  iieL'ded  at;  the  ruud  us  extended  ur  as 
traffic  increases.     The  lirisl  con  si  derations,  therefore,  iu  the  d(«ign  »if 
the  boiler- plant  are  certainty  of  operation  under  the  se>'ore6t  load,  and 
capacity  fur  furuisbing  tlie  nuiximum  umoitnt  of  stittm  (Imt  iniiy  Im> 
needed  under  the  un»i*t  adverfio  conditions,  eneh  m  a  '•ombinMiuu  of, 
hettTiest  It^id,  bftti  weather,  poor  cool,  and  a  portion  of  the  hoiii-r-plaiiti 
being  laid  off  for  cleaning  or  repairs. 

To  meet  these  requirements  it  is  nerest'ary  not  only  to  haro  lha| 
boilers  of  wiffieient  eapa<*ity  to  meet  the  greatest  demand  for  st«atn, 
but  also  to  have  enough  boilers  to  allow  one  of  thern  tn  lie  laid  off] 
vithont  enrtailing  the  steam-supply  below  the  maximum  fiiiantity] 
that  may  at  any  time  he  reipiinMl  by  the  engines.  In  even  thi 
8nnille«l-(*i7ed  plant  it  u  advisable  to  have  not  letw  than  three  boilers] 
any  two  of  which  are  ahh-  to  run  the  plant  at  the  t'ra^  of  beavii-sl! 
heading.  In  larger  ]dunts,  four,  live,  or  more  boilers  may  bo  intttnlhH]^] 
and  arranged  that  any  one  of  them  may  he  laid  off  at  any  lime  forf 
cleaning  or  repairs  without  Interfering  with  the  operation  of  thi 
others. 

Assuming  that  the  boiler-plant  is  to  contain  one  boiler  more  thai 
16  snfticient  to  generate  the  steam  rofjnired  under  the  conditions  ofj 
maxiuiuiu  load,  the  poorest  coal  being  supplied  that  is  ever  e-xpn^tedj 
to  be  U6«d  at  the  station,  nud  the  weather  the  most  unfavorable  as] 
regards  the  draft  and  the  amount  of  motftture  in  the  air  and  in  th»| 
coal,  we  proreiHl  to  conwidor  the  number,  size,  profiortions,  and  style] 
of  the  boiler«  to  })e  selected. 

The  bniler-plant  i«  usually  one  of  the  last  of  the  divisions  of  the^ 
complete  i)owcr-iilant  that  are  to  bo  detsigned.     Hefore  designing  it 
we  muat  know  the  maximum  quantity  of  xteam  that  will  be  ne*>de*i.} 
The  electrical  engineer  of  the  railway  company  will  fumi(*h  data  asl 
t«  the  eleetricAl  horse-power  that  will  be  retpiireil  from  the  dynamo««j 
and  he  will  hand  to  the  8team  engineer  a  diagram  oomething  like  the] 
one  shown  iu  the  accom^uinving  cut.  Fig.  133,  giving  the  heavirat 
loadfi  expected  on  the  dyiumioH  during  twenty-four  liours.     From 
thcpe  data  the  steam-enginea  will  be  seU-ctcd  or  designed,  involving  a 
long  study  of  the  relative  advautagco  and  cliiiatlvantageB  of  horixonlal 
and  vertical,  of  simple  and  compotmd.  of  condenning  and  non-eon-i 
denying  engines,  of  their  fiize  and  of  their  prol»able  stLum-cou^umptiouJ 
at  different  ioude.     The  two  "peaks''  of  the  load-diagram  will  bo 
carefully  considered,  and  the  question  will  be  decided  whether  theeo 
peaks  are  to  be  taken  care  of  by  storage-) tatter ies,  by  overloailing  tbo] 
engines  or  dynamiw,  or  by  ihe  uho  of  a  ecpamte  engine  and  dyuama 
to  be  operate<l  during  three  or  four  hours  of  the  day  when  the  hwpl 
is  heaviest. 

The  steani-cngine  quvstious  Ixiing  decided,  a  careful  calculation  la 
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then  miide  of  the  probable  steam  consumptinn  per  honr  dnring  the 

einglc  hour  or  fnn'tioii  of  jin  hour  or  niaxinium  loinl,  having  tine  I'oii- 
eideration  for  the  fart  that  an  ov^Tloaded  fiipine  may  bo  very  wasteful 
of  i<team.  Uow  wasteful  will  di-peiid  on  the  typo  of  engine.  Not 
until  thift  qiiedtiou  is  settled  Ib  it  time  to  pri?|>aro  the  dogijpi  of  the 
boUfr-pLiiit. 

The  hnilore,  after  one  (>f  tbom  is  reser\'od  for  oloaritnp  or  repairs, 
maft  herapablo  of  fnniishinjr'Hirtieieiit  stwim  to  theonpinef;  cUirinfithp 
titDCof  the  peak  of  tlieloHil.i  ven  when  Ilie  roal  ispooriiud  tlie  weather 
bad,  and  tho  engine  nut  in  xi^  \\v»\.  o.oiuMtioii  im  to  ftrfain-tightne^ 
and  valvt'-mljuptnieiit :  luid  to  tins  i-onsideration  <»V(>ry  other  one.  such 
as  firnt  eoHt  <(f  boilers,  or  (Tcoridniy  of  iroul,  must  he  mutle  awiondary. 

The  maximum  niiuiher  nf  jMninds  of  steam  per  hour  now  being 
givi-n,  and  the  prewinre  of  fiteani  required  by  the  engines  and  the 
probable  fiMnl-water  temperatnre  being  known,  we  Imvo  the  datH  with 
wliieh  to  hejrin  li^iring  un  tlie  Iwilert*.  Ity  referring  In  a  table  of 
"  fairtorti  of  evapontlion.*'  we  nniy  reUmre  tliis  imniber  to  the  equivulent 
nuinlier  of  pounds  per  liour  cvapcnitt'd  "from  and  at  21S°  F.*' 
Dividing  thitj  by  34A  gives  the  number  of  "  l)oiler  horse- |K>wcr."  A 
flight  allowauee.  say  1  ]>er  oc-nt,  may  be  addotl  to  eovor  hws  of  heat 
due  to  radiation  from  the  steam-pi]»es. 

Ua\ing  the  amnnnt  of  work  to  he  done  by  tbe  boilers  during  the 
time  of  the  peak  of  the  load,  we  now  consider  liow  thiB  rapneity  is  to 
be  obtaine<t.  The  tir(*t  esweiitiid  in  a  boiler  in  its  oapaeity  to  burn 
eoftl.  No  nifitter  what  its  type  or  proportions,  or  the  extent  of  its 
heating  snrfai'e,  it  wilt  not  develop  the  required  power  nnieew  it  can 
burn  enougb  coal.  Tbin  qtuilifieiitifm  strii-lly  does  not  belong  to  the 
bt>iler  itfelf.  but  chiefly  to  the  furnace  under  tbo  boiler,  and  largely 
tn  the  trhininev,  to  the  areii  of  fluow  or  g.n^-jia.-isage.'f  through  or  beyond 
the  boiler,  atnf  to  the  qiuility  of  ibe  coal.  We  mii!>t  tberefore  ]>nipor- 
tion  the  fiirnaee  before  we  projwrtioii  the  boiler,  and  to  do  tins  we 
mu»>t  fin^t  find  out  how  many  pounds  of  coal  are  to  }>u  burned  per 
hour  during  the  lime  of  maximum  steam  demand.  This  is  rather  )» 
eomplex  question,  for  it  involves  many  variable  elements,  such  as  the 
rpndity  (rf  the  eoal.  tbe  kind  of  fiirnuce,  the  rate  of  driving  (»f  tho 
boiler,  and  the  skill  of  the  liremati. 

The  number  of  ]H:iundt<  of  eoal  required  per  hour  will  ho  e«^nal  lo 
the  fpiotient  obraininl  by  dividing  tlie  equivalent  evaporation  from 
liUfl  at  'iVl'  per  hour,  in  pnumlo  by  the  number  of  pounds  of  water 
that  may  he  cvaponiled  from  and  at  21:i*  by  I  Ih.  of  coal.  This  latter 
number  will  vary  anywhere  from  I'^.  when  tbe  best  gnuh<  of  gemi* 
hitnminoiiK  e<Nd,  low  in  suih.  it<  iitaei],  in  a  fnrimce  adapted  to  bum  all 
tbe  vohitile  part  of  the  coal,  with  u  boiler  Hi)  pro]i«»rtionixl  as  Lo  ho 
capable  of  iibnorbiiig  To  per  ceid.  of  the  heal  generated  in  tlie  fnrnwrB, 
and  with  skilful  firing,  down  to  .'i  lli-j.  or  Irjis.  willi  a  piwir  gntde  of 
western  bituminous  eoal,  bigli  in  moisture,  ash,  and  sitljdinr,  burned 
in  an  nnlinary  fiinmee  direi-tly  under  the  boiler,  with  no  provision 
for  burning  tbe  volatile  mutter  or  preventing  KUioke.  with  a  boiler 


440 


STEAM-BOILER  SCONOMT. 


ovei 


foi 


luivinjc  imtuftit^icnt  heatiug  surfiice,  and  thercforo  overdriven,  and  with 
unskilful  tiring.  With  H^iitis  or  lij^itif.?  co«l,  from  ITtah,  a.  fignre 
as  low  an  ;i.Tli  Ihs.  hiw  l>efn  obtained.  (Tmiis,  A.  S.  M.  K.,  rol.  iv. 
p.  263.)  Thy  writer  oueo  obtHiund  &t>  low  us  5.fHl  lbs.  from  a  poor 
quality  of  Illinois  coal,  with  expert  liriiig.  with  the  boiler  driven  l(i 
per  cent  below  its  rating,  bnt  with  both  the  funiaoe  and  the  grat 
bars  nnsnited  to  the  eoal.     (Tmns.  A.  S.  M.  K.,  vol.  iv.  p.  2r»7.) 

It  may  be  eBtimoted  that  with  any  kind  of  coal  the  evaporation 
per  pmitul  of  eoal  will  be  in  the  neighlwrhood  of  15  per  rent  1cm  with 
a  r.ito  of  (Iriviiig  of  (>  IIw.  of  water  from  and  at  2I:J^  pvr  Mpiare  foot 
or  heating  Kurfatvo  per  hour  thati  at  u  rate  of  H  Ibii.,  the  rate  for  inaxi- 
niuni  econ<jmy. 

Hxtent  of  Healing  Surface  Ueqiiired, — For  factory  boilors,  or  fo 
any  builen)  that  ure  to  be  driven  ut  h  uniforni  rate  throughout  th 
day,  the  boilern  should  be  ^lo  proj)ortionod  thut  the  rate  of  drivin, 
should  not  exeoed  3  Ibtt.  of  wat<!r  from  and  ut  'i\2°  per  sqanre  foot 
hcuting  surface  per  hour;  the  extra  cost  of  eoal  for  driving  at  a  ino 
rapid  nitL*  ueiudly  bein^  tfr^'aler  than  the  interest  on  the  uxtrn  invtw 
nitwit  necessary  lo  woure  a  sufticjeiit  extent  of  hL-aling  <}urfacc 
and  above  that  required  for  more  rapid  rates  of  driring. 

W'itJi  boilers  for  electric  street-railway  service,  however,  the 
in  entirely  diflerent.  The  hea\'T  load  upon  the  boiler-plant  la«ta 
only  about  two  hours  out  of  the  twenty-four,  and  unlcw  money  is  ve 
cheap  and  c<i;d  very  dear,  il  wi]]  tiHually  })ay  lo  satirificts  any  Ifi  pe; 
cent  of  e<!onomy  during  those  two  hours  rather  than  go  to  the  eipe 
neoesaary  to  proportion  the  boilent  80  that  they  wilt  be  driven  at  the 
mopt  economical  rate  during  those  two  honni.  (t  is  also  to  be  cori' 
ndered  that  the  extra  boiler  whitTh  \»  to  he  put  in  tlie  plant  so  ttiai 
any  one  hoihT  may  at  any  lime  be  laid  off  for  L-Ieajiing  or  ri*[Milrs 
be  used  most  of  the  time  siure  repairs  and  idwiriiug  are  not  reqnir 
often^  BO  that  all  the  botleiti  may  bo  in  servii^^  during  tin.'  lime  of  the 
peak  of  tlie  loiwl  for  a  large  proportion  of  the  days  in  the  vear,  and 
the  exeetf^ivo  rate  of  driving  during  the  time  of  the  peak  ot  the  load 
may  thus  be  ()iminigho<l. 

It  will  therefore  not  be  bad  designing  if  the  extent  of  hoatuig  an 
face  'm  proportioned  so  as  to  allow  of  the  boilers,  after  one  is  laid  o 
for  cleaning  or  repairs,  to  be  driven  at  a  rate  of  6  lbs.  of  wute 
ovaporatt^I  from  and  at  'iVi"  per  square  foot  of  heating  surfwo  jier 
hour  during  the  time  of  the  peak   of  the  load,  provided   thai   no 
mistake   has  been  made  in  e^itimating  the  quantity  of  8tcam  netHk-d 
during  that  time,  due  eonsi{leration  being  HimI  to  the  fart  that  the 
engines  are  wiuteful  of  Hteani  wlien  overloaded,  as  they  aro  likelv  to 
be  during  tliat  time,  and  providiKl  uIko  that  i<uf1ieient  coul-buming 
Cttpaeity  \b  provided  in  the  furnaces,  ho  that  enough  coal  may  be 
bnmod,  including  the  15  per  cent  wasted  by  rapid  driving,  to  supply 
tliiti  eteam  under  the  most  unfavorable  conditions  of  we(  weather  and 
of  poor  coaL 

Aastuno  that  the  steam  ouginoor's  eetimatea  ahuw  that  flOO  I.II.P, 
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will  be  roqnired  to  bo  furnished  by  the  onginw  during  the  time  of 

muxinuim  load,  that  the  engines  are  non-condensing,  refiiiirlng  JIO  Iba. 
of  Eteam  iter  I.U.P.  per  hour  at  their  economical  l«un]  aiiJ  20  per  fi-nt 
more  when  overloaded  so  as  to  furnish  the  000  I.H.P.;  that  the 
feed-water  is  furniahed  from  a  heater  at  ;J0(»'*  F.,  anil  tliat  the  stejim- 
preasuro  is  135  lbs.,  we  then  make  a  calculation  aa  follows: 


UOO    IH.P. 
80    lbs.  Htaam  psr  I.K.P.  |Mir  linur. 

Ifl.OOO     llifl.  per  boor. 
Add il.SOO    2()  ^9T  criut  Tur  orerlnaded  en'^Ioef . 

2l,8iJi0i    lb».  (HT  hnur. 
Alult.  by...  1.057     factor  of  rvnpar«(('iii  for  ft-uil  M.  200*  ftnd  sUuiin  of  135  lbs. 

Product. ..  .23,881     Iba.  «<iuivAlent  4*vft[M>rfttion  fmni  and  a:  312"  p6r  hour. 
Divide  b/. .  6    lbs.  evap.  per  aq.  ft.  Lefttinf?  sarface  per  hour. 

Qiiolieat...  8,805    sq.  fl.  lieAting  nurfaco. 

This  is  the  Tory  umalUwt  amount  of  heatin)^  gtirfare  that  shonld 
be  provided  for  the  ^jiven  4*oiiditioiiK.  It  mav  be  diviilcii  amon^'  two 
bniU'ra  of  not  le!*s  than  I'.tOIi  !i<|.  ft.  earh,  or  three  bfiiU-rH  of  Ti'iK 
Kf].  ft.  eai.-h,  and  in  L-itluT  ease  an  atlditi^Hiul  tjoiU-r  of  the  Kanif  niite 
must  bi»  jTovidud  so  that  one  boih-r  iiniy  be  luiil  riff.  Tlit?  jiknt  will 
theri-fore  contain  either  lUwv  boili-rs  i>f  1'.m)H  (<ij.  ft.  e,iefi  ==  570!) 
j*q.  ft.,  or  four  hoih^rn  of  12(38  »<|.  ft.  earh  =  61*2  sq.  ft.  It  may  bo 
found  that  the  three  larger  bojiers  iuehiding  iiettin^,  valvea.  pipinp, 
et<:.,  will  eoet  little  if  any  mure  than  the  four  Buialler  lj<iilpr8  with 
their  settiu]^.  etc.,  and  it  may  aUo  bo  contiidereil  udvisuble  to  hare  tho 
three  larger  boilerti,  with  their  jfreater  total  extent  of  heating  fcurfaee, 
to  provide  aKiiinst  tlie  -^-ontingenfy  of  an  increaaod  amount  of  steam 
beiujf  needed  by  the  engine«<. 

A  phint  of  thrcL'  lioilerR  it^  a  favorite  arningcment  for  a  new  street^ 
railway  plant,  two  of  tin-  b«>i] em  being  set  in  o!ie  Uitten,'  and  tho  third 
sinjjly.  a  spiire  being  left  aUingKide  of  the  thinl  boiler  for  a  fourth, 
completing  two  batteries,  if  ever  it  nhouhl  be  nenled. 

Now  let  UK  aiwume  that  the  irual  to  bu  ut^ed  tM  a  rather  low  grado 
of  IlUnoid  c^ml,  of  a  Iieating  valne  of  I4,.100  lieat-unita  per  pound  of 
e»mbu8ti})le,  and  tluit  it  may  hi?  expucted  to  eontain  occiwicjnally  iw 
high  HH  1«  per  rent  ach  and  12  })er  cent  moisture.  The  healing  vahio 
per  pound  of  eoal  will  then  be  U^JO(>  x  .70  =  10.010  heat-units. 
This  divided  by  01)5.7  gives  10.30  lbs.  of  watur  from  and  at  212"  an 
the  iM)sMible  evaporation  of  the  eoal  if  it  were  L-onipletoly  burneil  and 
all  the  heat  utilizi-d  by  thy  Ixiiler.  Ibit  only  a  portion  eaii  I>e  utilized, 
say  55  per  eent,  if  the  boiler  is  proviiled  onlv  w^th  an  ordinary  tietting, 
or  wiy  05  pt»r  cent  if  it  is  set  with  a  fire-briek  oven,  cwpecially  di*t(igned 
to  bum  tliu  vobitile  gases,  or  if  it  is  proviiled  with  a  doirn-draft  furnace 
or  a  mcchaiueul  stoker  suitable  for  that  grade  of  eoal.  Th4<  dilTerenee 
in  economy  between  an  efficiency  of  50  per  cent  and  cuo  of  05  per 
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^^B          cent  is  not  10  per  cent,  as  some  may  snppoBe,  but  10  -i-  65  =  15.4  pi^^| 
^^1               Wo  riow  make  the  following  calculation :                                       ^^| 

^^H            UoatiiiK  vnlim  uf  1  lb.  of  en&l,  «qiiivKlttnt  evaimrmthm  ftom 

10.86 
.55 

10.85  ^^ 
.6S 

0.008 
8o5 

0.7M 

^^^B              l)ediicl  V>  [»>r  cent  fur  i'lss  due  ti  ilrivinv  tliu  boiler  at  6  llm. 
^^H                      |>ur  Mj,  ft.  of  lit>iit)iig  Hurfuct!   per  ^oitr,  or  double  its 

^^H             Divittti  tliene  li^'iirKs  int<i  itie  fiKurti  Kiretiily  fouud  for  total 

4848 

S3.S31 
4.714 

^^m                Tin-  (iifTerenc«.  72.i  lbs.,  is  15.4  per  cent  of  4714  Ibn.,  wliifli  agroee 
^^1            with  iho  i*i:oiioitiv  uf  tlii;  inuru  ufliciuiit  funiui'O  sit  abovo  8taled  ai^^^l 
^^1           chcrkn  [111*  ciuitputatiou.                                                                                  ^^| 
^^B                 Exit'itf  <tf  firatv-Hur/tifjf  Jlet/iui-i'iJ. — To  ealfiiliite   the   fxti-nt   ^^1 
^^M           gnUo-iturfiu'c  rtH|iiir<.-(l  we  niii^t  know  huw  niuuy  pciimds  of  coal  mav 
^^1           t>o  buriietl  ]i<>r  M|Uttri-  fnot  of  ^nitc  per  hour.    This  will  cU-peud  on  the 
^H           limft.  on  tlu'  kind  of  prate  iifitMi,  am]  on  the  nature  of  tlio  oiwl  m  to 
^^1            frec-buminu'  <|iialil  y  and  iit>  t<j  its  clinkcrin^r  on  the  ^rat4t>uu<I  choking 
^^M           the  itir-}iujk]ilY.     Wt-  may  ln^.'iunlo  that  a  ehimney  1>30  ft.  hijih  iti  pro- 
^^1           vidcc!,  whioli  after  niakin>i:  allowances  for  bciuU  in  the  fluet<  from  the 
^H           boiler  to  the  chimney  will,  under  the  uin»t  unfaTorable  eonditioini  of 
^^M           weather,  jpre  a  draft  of  at  \cA^i  0..^  in,  of  wator-colunin  at  tho  end  of 
^^M           the  boiler.    The  i>on1  14  free-bnrnini;,  and  will  burn  rapidly  if  iiiiip  )lie<l 
^^M           with  enough  air  thron^'h  the  grate-lian-,  but  if  elinkerK  badly.     »  ith 
^^B           ordinary  grater)  we  i-annot  count  on  burning.'  it  ai  a  fa-^ter  nite  than 
^^H            2.')  Uw.  jier  s{{.  ft.  (»f  ^aic.  per  hour,  bat   with   «Iuikiii(;  irriites  well      i 
^^1           handled,  ho  hh  to  keep  the  fire  <dear  of  clinker,  a  nite  of  .'l.'t  ]h».  niuy  l^^| 
^^M            expQctefl.     We  now  i;alculate  the  gnite-eurfacii  recjuired  aii  followx:    ^^m 

flKln 
Turamce. 

Fiuvaea, 

4,714 

180 

8.08& 

1IM 

13S             114         1 

^^M                 With  shaking  grates  and  hard,  steady  firing,  vre  may  oxpettt  a  loss 
^^m           throngh  Ibe  grate.^  of  nnbiirnf^l  crral  aninnntiiig  lo  niHjut  2  per  cent 
^H            more  than  the  lo^s  thron^h  the  phiin  jrrah^,  but  aa  in  a  Btrcet-railwav 
^^M            plant  this  hard  firing  will  lat<t  only  about  two  hours  a  day,  wo  need 
^^m           make  no  change  in  our  ealoulution  on  thiK  a<x'ount.                             ^^J 
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We  thus  httve  four  dilTereiit.  figures  for  the  extent  of  grate-surfiace 
rc(mire(l,  acrordiiig  to  wht'ther  wo  nst'  ordinary  or  special  furnaceB 
«nu  unliniu'y  or  sbuking  gratetii.  Dividiug  the  heating  i^urfaoc  already 
found,  3S05,  by  these  tigiirt'd,  we  have  for  the  ratio  of  heatiug  tc  graU>- 
Atirfuce  the  following: 


Plain  FursMe. 

Bperitl  Faruue. 

mnJii 
Orate. 

Unuv. 

Grot*:. 

ShAltlriK 
tirat«. 

1^ 
20.1 

13S 
38.9 

160 
S4.8 

114 

33.8 

Those  figures  for  the  ratio  of  heating  to  grate-surface  are  very 
mtirh  smaller  tlmn  thoao  proviilml  in  the  conimim  designs  of  nuMlem 
boilers,  I'specially  Uujst^  of  tlie  water-tTihoi  tyi>e.  The  nttin  ther  givo 
usually  range**  from  'A'i  to  50.  The  n«iRini  for  thia  dillereuee  itt  that 
the  data  upon  »'hii;h  the  alK)Ve  eali_ruliitionH  are  hjii^ed  are  very  dilTerent 
from  those  upon  which  thcite  boilers  i^re  designed.  We  have  us^iiineil 
a  Huixiuium  rate  of  driving  of  <>  Ib^  of  water  evaporated  from  am]  iit 
*Z\'l^  \n-T  square  foot  of  hetiting  surface  per  hour,  with  au  intentional 
eacriliee  of  eeonomy  in  onler  to  save  first  cost  of  installation.  Wo 
have  alfto  assumed  a  low  grade  of  wjal  that  flinkers  on  the  grate,  and 
in  the  case  of  the  ]iiaiii  fitnuiee  a  low  elTJi^ieney.  la  the  desigu  of  the 
onliuary  water-tube  boiler.  esjieeiaHy  for  faetury  purpasefci,  eeorioiuy 
of  coal  in  the  firijt  roupj deration.  The  heating  surface  is  therefore 
mmle  of  tnieh  an  extent  that  it  does  not  require  to  be  driven  at  a  rate 
^oaier  than  3  Uw.  jK-r  gq.  ft.  per  hfiur  on  an  average,  witli  a  nuiximum 
of  4  or  4^  lbs.  The  boiJent  are  by  niODt  biiilderrt  nitt^^l  in  II. P.  iit  the 
rate  of  3  lb«.  tfvaporatifin  per  .-square  foot  of  heating  ^nrfane  \wr  hour, 
and  when  Fvuporation  tiwti*  art*  nin^lo  U}  prove  guaranteea  a  good 
4^uality  of  coal  itt  unually  otttain[><3  aiul  ibe  boilers  are  driven  at  not 
above  4  Uw.  pi-r  sq.  ft,  of  healing  surface  per  hour. 

Another  rea.'»on  fur  the  high  mtios  of  heating  to  grate-surface  in 
niotlerii  water-tube  boilers  \a  that  when  designed  with  a  view  to 
e  'ouoniy  of  Ijrat  eost  and  of  gnHin(l-«|«Mre  oe(:u])iiHl  they  are  tnade 
long,  narrow,  and  high,  so  as  to  pile  a  great  amount  of  beating  surface 
on  a  liniall  ground  area.  A  narrow  boiler  miM^is  a  ntirrow  grate-sur- 
fttte,  and  as  it  ia  not  etaey  for  a  tiremuu  to  handle  with  gooil  results  u 
grate  over  7  ft.  long,  it  means  limited  extent  of  grate-snrfaoe.  This 
is  all  right  for  good  senii-bituminoUR  coal  or  for  Vitt^burg  nr  Hocking 
Valley  bituminous,  which  are  Imth  froe-hnrning  and  low  in  a**!].  With 
thftse  coal«  and  nlrong  dnifi  an<l  a  ratio  of  heating  to  grate-surface  of 
45  or  even  ftl)  to  1.  it  in  possible  to  drive  the  Iwiler  to  double  its 
oconomical  rate.  For  poor  coals,  however,  whether  anthracite  or 
bitiiiuinoua,  8uch  n  ratio  gives  entirely  too  small  a  grate  for  rapid 
driving. 
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About  threft  yearti  ago,  in  a  seriea  of  teatu  imule  hy  the  writ<«r  on  a- 
water-tuljc  buikT  with  ti  vtry  poor  quality  of  Illiuoia  coal,  with  an 
ordinury  fiirmico  luid  jtliiin  gmto-burH,  and  with  a  good  rlmfi,  he  found 
that  ouly  about  86  j>«r  cent  of  the  (!ji|>ar.ity  of  the  boiler  could  be 
devt'lopud  even  with  export  firing.  Tlio  t-hipf  troublea  were  the 
cluikuriug  of  the  grates  mid  iht'  uxcesaive  anionnt  of  moisture  in  tho 
coftl,  which  rotardud  tho  combustion.  Witli  the  same  boiler  proridod 
with  a  Urc-briek  arch  &t>ttiug,  with  shaking  grates,  and  with  HtK^king 
Valley  lump  coal  the  boiler  wa*.  driven  to  over  170  [wr  cent  of  its 
rating,  or  over  5.1  lbs.  of  water  evaporntod  from  and  at  'i\'Z°  jwr  squaro 
foot  of  heating  surfaee  per  hour.  Uiui  it  been  pogsible  lo  double  the 
extent  of  gnite-surfaee  when  iising  the  poor  grade  of  coal  it.  is  quite 
likely  that  the  capacity  obtained  could  have  been  doubled. 

Having  inade  the  cjilciilation.  as  above  shown,  fur  the  c3rtout  of 
grato-jnirfaee  reqnired  under  tho  four  assumed  conditions,  wo  must 
next  ronf<idcr  wliic^h  one  of  the  four  results  should  be  a<ioptc*d  in  the 
deifign.  I'ldeKK  coal  irf  very  elieap  it  will  t>ay  (o  go  to  any  reJi»onable 
expense  to  jtro^ide  tlie  upei-ial  funnu'e,  eitlier  a  lire-brick  oven  built  in 
front  of  the  btHler  with  arraiigerueiitd  for  bnrning  the  unioky  gna*,  or 
a  duwn-tlmft  furnaire,  or  a  mwlumii'al  wtoker.  With  any  of  those 
devices  a  naving  of  15  per  cent  in  fuel  shi>u!d  be  cxpecttHl  when  the 
eottl  is  a  highly  vuhitile  hituminouA.  Shaking  grates  are  also  desirable 
ill  a  street-railway  plant  using  poor  fuel.smee  they  enable  thogmti?  to 
Ix'  kept  free  from  clinker,  and  diminii^h  greatly  the  gnUe-Burfaoo  and 
thereiure  the  ground  area  required. 

SpecifiaifioHs  for  Bids. — ^Haviiig  fixed  upon  thn  o.vten(  of  gmte- 
snrfaee  that  is  necesisary  tu  bum  the  eonl  uuder  tho  most  unfavorable 
conditions  of  weather,  moisture,  etc.,  for  the  heaviert  lo»d.  adding,  of 
course,  the  gr3ite-Kurf«ce  for  the  extra  or  resen'o  boiler,  this  nhould  be 
entered  in  the  spwifii^uitioui*  for  biddem  for  boilers,  and  no  bid  sliould 
be  considered  which  did  not  give  the  full  extent  called  for.  Mnnj 
oxpennive  uiistakes  have  been  Tuado  by  purchasers  of  boilers  who  httTc 
accepted  the  guarantee  of  economy  and  cjipaeity  offered  by  builders, 
without  refereiu-o  to  tho  extent  of  grate-surface.  After  erection  tho 
b«)iIerH  may  be  proved  t^j  have  fulfilled  the  guarantees,  on  an  expert 
test,  with  good  coal,  but  afterwards  they  fail  to  develop  the  additional 
capacity  requirtnl  of  them  in  einergeneies.  or  even  their  rated  capacity 
when  tile  coal  is  jxjorer  than  that  used  in  the  test.  The  rcnietly  then 
usuallv  is  the  costly  one  of  obtaining  ad<Iitional  boilers,  and  somctiiuca 
of  bniidiug  a  new  boiler-house.  The  purchaser  is  fonunatv  if  he  can, 
bv  a  change  in  the  style  of  ftiriiaee  or  of  griitcs.  or  by  building  a  tailor 
ciumney  or  by  introducing  forced  draft,  so  increase  the  capacity  of 
the  boilers  as  to  avi>id  the  nec4'ssity  of  buying  additional  onea. 

The  extent  of  heating  surfac^e  found  by  the  calci.hitiou  should  also 
be  entered  in  the  spccifSeatiims  us  tl.c  niininium  to  l>e  bidden  upon. 
Home  bidilers  may  not  be  able  to  furnish  together  with  the  speoificd 
exteut  of  grate-surface  :is  small  an  extent  of  heating  surface  as  that 
called  icity  since  their  dt^sigus  are  not  adapted  for  such  small  ratitw  of 
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heating  to  gmtc-surfaco  ba  those  given  above,  but  thore  Ib  no  objection 
to  their  funiiahiiig  as  mtit-h  more  as  they  choowe,  and  among  bidders 
ofleriug  the  suiue  groto -surface  those  offering  the  greater  extent  of 
heutiiig  nurfacL-  sliuuhl  havr  the  nrefereiK-e,  other  conditions  being 
equul.  ('»|iwity  f<ir  I'mergcneivs  bt'ing  obfjiined  by  oxt«nt  of  gmte- 
surfiieiv  eeunumy  uf  coal  will  Ijl'  ulitiiined  by  extent  of  heating  surfac*' 
above  tbnt  needed  \o  give  an  evuporation  ut  the  rate  of  6  lbs.  per  sq. 
ft.  of  heating  surface  i>er  hour. 

liiddtrs'  Chtftranfceji. — (fimmntf-eB  of  economy  and  fanacity  may 
bo  insrrtcd  in  specificjitionH,  but  they  Bhonld  be  eoniiiderea  Bpcondary 
as  con»pared  with  dimenj^ion*;  of  gnit4<  and  hcnting  surfaee^  and  no 
ftttontioii  shtnild  be  jwiid  to  gimrantocR  of  unimiial  eci-momy  offered  by 
any  bidder  who  dnes  not  give  any  more  heating  gnrfaru  than  other 
bidden*,  iiidess  that  giiamntee  b<  l>iiKi>d  npon  the  offer  of  u  spci-ial 
fnrnace  or  irtoki^r.  which  may  reanonably  bo  expeetwl  to  givv  better 
economy  than  a  plain  ftirniu-c  nlirn  suft  ii<m\  '\n  nBe<I. 


7'ifjJ€  of  lioiler. — Tbt'  cah-iilatiunri  made  as  uIkivr  describod  are 
appliaible  to  tiny  type  of  boiler.  The  wleetinn  of  a  tyjw  depends 
on  other  considerations  than  eu|>u<-itv  i)r  ecHnomy,  fi>r  these  depend 
upon  |>ritpnrtioUB  and  not  on  type.  rhe*o  cohfiderutiona  are  safety, 
durability,  convenience,  ur  facility  for  cleaning  and  making  repairs, 
ground  8\n\co  occupied,  ability  to  fiirnitih  dry  steam  when  ovenlrivon, 
Hhd  la^tt  uf  all.  cit^t. 

Lou  of  Fuel  Dae  to  Keeping  Up  Steam^pressure  in  Idle  Boilers, — 
In  a  rc(H>rt  by  K.  It.  I>ow  to  the  Comniitli-e  uii  Ilalu  uf  the  National 
Klectric  Light  AssociiiliMn  {Eltttricul  World,  June  i'Z,  iHlt?)  «onie 
Htaticlicii  were  prescnteil  !*howing  the  anmunt  of  coal  leipiiri-d  to  ki'ep 
up  pre»^nrc  while  no  £t«am  or  water  is  being  taken  from  the  boiler. 
\Vo  quote  from  the  rc|M>rt  iw  follows: 

When  u  bfiiler  i«  laid  off  it  becomes  a  drag,  the  codl  used  in 
maintaining  the  tire  in  a  condition  to  be  sfairted  counting  for  notliing, 
so  far  as  stcani-prodiictioii  is  conccrniHl.  The  engineer  of  a  l*hila- 
delphia  (Station  on  a  test  found  tlmt  it  rinpiircd  I'iOd  lbs.  of  buckwheat 
coal  to  keep  uj)  a  pressure  of  Vib  lbs.  on  twi>  water-tubt!  boilers,  having 
each  5'.t  sq.  ft.  tif  griile-rfurfacc.  This  was  oA'Z-^  llw.  per  sq.  ft.  of  grate- 
surface  per  hour. 

A  five-days*  test  of  a  horizontul  tubular  boiler  showed  a  consump- 
tion of  :i'}  lb.  of  colli  per  sq.  ft.  of  gnit^.'.  Another  water-tubo  boiler 
in  a  five-days'  test  used  0.5  lb.  per  sq.  ft,  of  grate. 

A  Jjincusbire  h<>iler  with  me<dianiciil  stokers  used  only  0.2  lb.  of 
coal  per  fi*i.  ft.  of  grate  on  a  sc^ven-days'  t(«t. 

IVo  other  wat*r-tube  hnilers,  one  on  a  sevon-daya'  teet  and  the 
other  on  a  test  of  st-vt^ral  days'  duration,  used,  regpeetindy,  0.7  and 
(t.5  lb.  of  coal  per  sq.  ft.  uf  gral*. 

lu  each  of  the«e  cases  the  boiler  was  shut  off  from  the  main  and 
no  steam  or  water  taken  from  it.  The  t?oal  was  nst^l  simply  to  main- 
tain the  pressure.  A  mo<leraUj  rat-e  of  wmbustion  is  12  lbs.  per  sq.  ft. 
of  grate  per  hoar.     Allowing  0..^  as  the  average  consumption  vhilo 
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standing,  tlio  coal  bnmMl  hy  ft  boiler  in  tliis  way  vould  be  4.17  )>or 
cent  of  timt  bumcU  while  running  ut  12  lbs.  ptTsq.  ft.  uf  grate  for  the 
wiiut  len^h  uf  time. 

If  a  buUi>r  ruiiK  ttixlt^en  bonrvt  ii  <}ay  ai  an  Hverugn  rat«  of  12  Wfn. 
of  roul  per  eq.  ft.  uf  grate  per  hour,  and  ittantU  the  other  eight  with  a 
conBumutioii  of  0.5  lb.  ji«r  »<{.  ft.  of  grato  \tvr  hour,  the  oojU  u»»«1, 
whiln  i«lJt%  will  be  2.04  per  eent  of  the  whole.  If  it  runs  ImU  the  liin**, 
thu  expense  in  eonl,  while  Mending,  will  he  4.17  per  eent.  uf  the  total 
ftiuoniit.  The  following  tiible  gives  the  pL'reeiit«gea  for  diffcreut 
lenglliH  of  miming  nnit  difTereiit  nite«  of  corabustiou; 


IVrannUffo  of  ToUil  Ciwl  Vi»td  in  MIo  Bollfnt  At  S  tif 

■  IHniiiil  per 

Hoar* 

S<liiarn  Foot  uf  Uniu<  Wliik*  Irtln. 

Houn 

BuiutUis. 

8(*iidiuc. 

Avcn^B  Saim  OambaMkHi  p«r  Sqtara  Foot  Om*  Vhlle  Runutev. 

U 

15 

18 

SD 

« 

98 

I 

.IS 

.15 

.13 

.11 

.10 

88 

9 

.88 

.80 

.30 

.88 

.10 

81 

8 

.fiS 

.47 

.40 

.80 

.38 

ao 

* 

.83 

.M 

.85 

.80 

.41 

IB 

6 

1.08 

.N 

.60 

.85 

.M 

18 

6 

1.87 

i.to 

.98 

-tB 

.0» 

17 

7 

i.ev 

1.85 

1.18 

l.«8 

.86 

1« 

8 

S.M 

1.68 

197 

1.88 

I.QS 

IS 

9 

3  44 

1.03 

1.64 

1.48 

1.'2S 

14 

10 

2  HO 

3.88 

1.D0 

1.7B 

1.44 

W 

11 

8.40 

3.78 

3.80 

a.07 

1.70 

19 

13 

4.00 

8.28 

270 

3.44 

9.04 

11 

IS 

400 

8.70 

8.18 

8.87 

3.40 

10 

H 

J>,S) 

4.46 

8.75 

8.88 

3.68 

» 

15 

6.50 

s'je 

4.43 

400 

8.8S 

B 

IB 

7.69 

fi.25 

5.M 

4.76 

3.8S 

7 

17 

9.10 

7.41 

am 

0.70 

4.K7 

6 

IH 

11.11 

9.00 

T.68 

6.08 

6.88 

Coal  Used  in  Banked  Firei  not  a  Heatnre  of  Loss  by  Badiation.- — 
Tlie  bojitiiig  viilue  (.>f  the  <'a«l,  u.seil  when  T,hi»  boiler  is  iilie,  nvcrnging, 
lieeonling  to  Mr.  Low's  report.  4.17  per  cent  of  that  used  when  it  u 
in  operation  und  huniing  1"^  IbB,  of  eoal  per  sq,  ft,  por  hour,  jg  not  to 
!h?  eoniiidered  u  correct  measure  of  the  heat  lost  by  radiation,  abiee 
vOien  the  (ire  is  banked  or  the  draft  nearly  all  xhut  nff,  the  roal  eoti- 
-iiTni'd  is  hurned  with  an  iuKiifllcienl  Hupply  of  air,  anil  therefore 
develops  less  than  it*  full  healing  value.  The  giwes  evolved  from  tho 
smonlderiiig  Are,  whether  bm-neil  or  unburned,  ny-upe  into  the 
chirnnev  at  about  tho  temperature  of  the  steatn  in  the  boiler.  Tho 
eoal  bunied  while  tho  boiler  if«  idle  therefore  repre^'entH  I  ho  sum  of 
three  different  heat  lossee,  vix.,  that  due  to  iniperfeet  eombiistion,  tho 
huttt  carried  into  the  chimney,  and  tho  heat  lost  by  nuliatiou. 
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AssiiminK  a  mtin  of  hejitinp:  in  gra'«-Hiirfjico  of  40  In  1,  a  nite  of 
driving  of  3  lbs.  of  waU-r  per  Kf|iiiirt'  frn>t  of  lieatiiig  Hiirfaco  per  hour 
iiTnl  nil  evanorat.inii  of  8  Ins.  of  water  jht  ptmnd  of  coiiI,  gives  u  nite 
of  combiistKni  ni  l.*»  IIw.  of  mwl  pi-r  siiuari'  fo<it,  of  gmte  per  Iimir.  u 
fair  rtgiire  for  \vat.i'r-tnt)p  iHiilprw  with  iinthnicitc  iiml.  Taking  tho 
consiiiuj'tioii  jMT  hour  with  Innikf^d  firun  as  l^r*  II).  per  sqiiHre  foot  of 
grate,  gives  3^  per  <'eiit  of  the  liourlv  roa!  (^insuniptinn  when  niniiing. 
a  tigiirv.'  which  etiven'  all  tlie  lotwes  of  Iteut  due  to  hanking  fire^.  The 
loM  line  to  radialir.n  shniiUl  he  eonsidenibly  less  Ihiin  this  figure. 

Steam-boiler  Economy  in  Electric-light  Btations.^ — The  tJifTereiic-e 
betweeu  the  perferiniinee  of  hoilers  re|n»rled  for  long  periods  under 
widely  var>'iiig  ea|HK*itics,  ami  ebrtrgeil  with  all  the  coal  used  for 
iNinkiiig,  eti'..  and  their  normal  efTieicnoy  muter  tost  conditions,  is 
ehowii  111  the  folhiwing  tahle,  where  the  "test  ihity  "  is  the  bent  result 
ohlainahle  un<Ier  the  ht-st  enudiliuiis  with  the  fuel  iii*ed;  the  "actual 
duty"  U  the  niiuiber  of  pounds  of  water  evaporatwl  iu  a  long  term  of 
aervieo,  divide«l  by  the  eoal  use<J  in  tho  same  period.  The  third 
column  is  the  ratio  of  the  actual  to  the  tert  efficiency,  showing  how 
baiMv  the  efticieiiey  m-sh  imjmired  by  ttie  enii(lition«  of  uetual  nervioe. 

With  the  exception  of  No.  II,  the  ajipareiitly  low  cfTicienoy  of 
whirh  wan  dne  to  a  low  grade  of  Western  eual,  these  rusulte  are  sur- 
prisingly high : 


No. 

TMiDucr. 

Actual  Dntj. 

HaUd  Adiuil 
inTwL 

1 
9 
8 
4 

« 

7 

8 

9 

10 

11 

13 
14 

8.5H 
9.96 

R.0»9 
7.»03 
8  03 
7.5 
«.M 
lO.OU 
8.14 
«.04 

9.es 

9.8S 

fi.?6 

ll.M 

7.M 

e.oo 

M.5 
UA 
80.6 

M.6 

87.71 

10.5 

7 

11.3 

lo.e 

87.71 
97.73 

Where  tho  gratc-tiurfiurc  ia  ample,  a  very  cheap  grade  of  fuel  can 
1m>  used  with  a  CDimiderablo  reduction  of  tlic  cost,  aTid  it  is  Ruggea^l^l 
that  an  i-coiioiuieul  ajvimtage  may  arise  from  usin^  two  grudcs  of  ftiel 
in  plants  that  run  long  hours  with  wiilely  varj'ing  loads;  a  good 
steaming  ctwil  with  whicn  the  hoilerfl  can  be  forced  at  the  lime  of  over- 
loail,  and  a  cheap  small  coal  which  can  be  n^-d  to  ailvantagc  ou  the 
otht'rwiife  Bi)aro  grat^*-surface  when  the  Ioa<i  is  below  the  average. 

*  Frvm  «  Beport  bjr  F.  K.  Low  to  the  Uomtnittoe  on  DatA  of  tba  Natloaal  Eleo- 
trlc-ll«ht  AwociKtion.    {Eleeiricat  World,  June  13,  1807.) 


Coat  of  Coal  per  Boiler  Horse-power  per  Year. — Taking  a  com- 
mercial or  boiler  horso-jrower  aa  an  evaiMjmtioa  equivalent  to  31^ 
lb«.  of  witttiF  from  and  lU  212"  per  hour,  the  evaporation  \x-t  pontid 
of  ooal  luuler  actual  eonUitions  of  feeil-waler  temjierature  and  ^tt<am- 
prcssiire  at  from  &  to  10  lbs.,  and  the  cost  of  coal  per  ton  of  3340  Ibe. 
at  from  $1  to  #5,  wg  obtain  the  following  figures  for  cost  of  cool  |wr 
horae-iJower  per  year  of  :JGOO  hours,  or  12  hour*  per  day  for  3(H) 
daya  in  the  year,  and  jier  year  of  8760  houra,  or  24  boors  per  d*y 
for  3G5  days. 
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Boiler-room  Labor. — An  invest ig« turn  nutdi)  in  18ii(5  for  the  Stenm- 
UEer**'  Ayi»oi-iuii(in  of  Huston,  Mhab..  by  Mr.  R.  S.  Hale,  led  to  iho 
fdUowiiig  eoiu^UiBion.^  fouiTrniiig  the  eont  nf  Iwiiler-rooni  hitw>r: 

III  plaiitH  containing  •^or>  boilers  the  coal  consumption  wa«  BHOJi 
tons  per  wei-k.  or  700  tonft  per  boiler  per  year  of  50  W(H.>ks.  The 
average  cost  of  boiler-ninni  labor  per  ton  of  ckiiI  hmidlcd  wa«  48  oeuUf, 
ranging  from  2*i  to  74  ceiitH. 

The  f'oBt  gnidually  dec-rejises  as  the  size  of  the  plant  incrouaeOv 
boconiing.  however,  nearly  .sliitioniiry  at  'iW  tonp  per  week. 

The  men  fire  moi-e  coal  (in  Ihe  proportion  of  aliont  15  per  cent) 
and  rt-eeive  more  pay  (about  10  per  eeut)  in  the  plants  that  run 
twenty-four  hours  a  day  instead  of  ten  hours  a  day,  the  result  being 
a  cost  por  ton  about  H  per  nent  hwB.  The  difference  is  not  quite  bo 
marked  when  <viiiiimriiig  plaiit:^  burning  very  large  amounU  of  coal 
(2(Hl  tonrt  a  week). 

The  labor  per  ton  of  cnal  in  hIhuiI  10  jier  lieut  lejw  for  a  st-oady 
load  tluni  for  a  vuriahlL-  load  of  any  ftort. 

llauillitig  eoal  should  oust  about  l.fi  centH  per  ton  per  yard  up  to 
five  yards,  then  about  0.1  cent  per  ton   for  each  adijitioniil  yard. 

Chea])  men  do  ae  much  work  as  good  men.  so  that  the  cc»st  of 
labor  id  almuet  always  lef^  ]jer  tun  of  eoal  with  cheap  men.  The 
quality  of  the  work  may  nut  be  the  same,  so  that  the  cost  jter  tun  of 
steam  iet  not  ncH-oAiiarily  Ic^. 

Wages  of  Jiremen  and  work  done  jwr  man  are  about  the  same 
from  Maine  to  I'ennsylvanift. 
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One  man  (besidefl  nigfat  man)  can  run  engine  and  fire  up  to  about 


10  tons 


pel 


week. 


One  man  (bi'^iilea  euglueur  and  night  mftu)  can  tire  up  to  about 
3fl  toHM  ptT  week. 

Two  men  {beaidea  engineer  and  night  man)  can  fire  up  to  about 
fiS  tons  jier  week. 

Three  men  /Iweidcn  engineer  anJ  night  man)  can  fire  up  to  about 
80  toHB  per  week. 

Tlietie  figures  utitiunie  that  the  night  man  does  all  he  can  of  the 
bunking,  eleiining.  and  eUtrting. 

The  figures  art*  for  arorage  conditions.  If  the  conditions  are 
oxceptioiml.  as,  for  in(>tanee,  a  very  long  whool  or  very  Tariablo  load, 
proper  allnwanoe  should  he  made. 

Mechanit'ul  jstokers  «tve  ^0  to  40  per  cent  of  labor  in  very  large 
pUuts  (over -.JLio  tons  per  week),  ao  to  30  per  oont  in  medium-sized 
plants  (*)()  to  ].'i()  tons  per  wook),  mid  save  no  labor  in  small  plants. 

Handling  Coal  and  Ashes  in  Large  Plants.— Mr.  liulc's  report 
^irca  no  data  uf  tliu  custof  haudliug  roul  in  large  nioderti  planU,  such 
M  electric-light  and  power-slalione.  In  the  Irest  motloni  pnictice  the 
coal  received  by  car  or  boat  is  elevated  and  dumped  in  large  storugo- 
bius  under  the  roof  uf  tlie  boilor-lionsc  by  uieuns  of  suitable  hoisting 
and  conveying  niachiueni'.  Vroui  the  bins  it  is  led  down  by  means  of 
irou  |>i|ies  aud  fed  by  gravity  ilireetly  into  tbe  liop{>urs  of  the  median- 
ical  stokcnu.  The  ashes  are  dumptnl  from  tlK>  afih-pits  of  the  several 
boilers  into  ears  or  storage-bins  in  a  tunnol  nmterneath.  Ity  such 
inuchauical  meiliwls  of  handling  both  coul  aud  ashes  all  shovetliug  is 
avotdeil.  and  the  coat  of  boiler-room  hd«tr  jwr  tun  of  rnal  may  tlnis  be 
made  niurh  U'.-^k  tb;in  tlie  Inwest  figure  nauie<i  in  Mr.  Hale's  report. 

Steam-boiler  Praotioe  of  the  Future. — Steam-boiler  practioe  at  the 
present  day  is  in  u  rather  ehaotie  stute.  There  is  a  eoufusing  multi- 
pHrity  of  typcH  and  of  varieties  of  eae.h  type.  With  any  given  styU 
of  boiler  and  furnace  there  in  a  lack  of  uniformity  Jii  the  capacity  t 
ocnnoniy  obtained  from  boilers  of  the  same  size  in  dilTerent  places. 
It  ii4  not  uncommon  to  find  two  or  three  different  styles  of  boilers  in 
the  same  builer-houfie.  In  a  row  of  four  or  five  boilers  of  the  same 
»hv  and  style,  ihe  arrangement  of  the  flues  may  differ,  so  that  no  two 
of  them  have  the  same  draft,  and  ronsoquontly  no  two  of  them  develop 
the  same  power  or  give  the  same  economy. 

Besides  the  vuriety  in  types  aud  in  the  conditions  of  running  of 
existing  boilers,  there  is  a  tendency  to  change  in  the  conditions.  The 
pressure  of  steam  required  by  engines  is  increasing.  The  small  sizes 
of  anthracite  are  being  n«e<l  in*rtea<l  of  the  larger  sixes,  and  they 
require  stronger  draft,  and  larger  grate-surfaces,  and  give  more  trouble 
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to  haudle  aehcfl  and  cliuker.  Soft  coal  ie  in  many  pliio«s  displaviug' 
authracit^  bringing  with  it  smoky  cliicineys,  aud  as  the  fimoke  nuis- 
anoe  increases  new  devices  are  oontinnally  being  bronght  forth  to 
ttuppreuti  it.  Heal  estutc  iu  citien  U  be('<iming  mora  eotitly,  iind  btfiU'ra 
are,  th(?ref»re,  tlepignetl  to  economize  space,  and  they  are  being  drivcti 
at  more  rft]Hii  rutes.  Itapid  driving  with  bad  water  means  mi»n> 
triiublL'  fnmi  sc-alc.  aud  Ihia  t'ldargL'S  the  biiiainesd  nf  makers  nt  fpt-d- 
water  pnrifiers,  gcale-extracting  machinery,  and  "  boiler  compoundB."" 
This  is  the  age  nf  lalwir- wiving,  imd  in  order  to  reduce  the  hibor  i.H.>st 
of  eteam-makiug  uutomatie  utokiTS  aud  meL-btitiiriil  means  of  handling 
(■oul  and  otibeR  are  intrmlutrt^. 

'I'bo  clmngeK  above  meiitione*!  are  now  in  prr>gre.s*f.  but  ihv  day 
when  Hlatiuruiry  Kt4>iim-b<»ilt>r  prtu-'tice  e>]iu]l  reacli  a  reai>onable  degree 
of  uniformity,  such  as  has  been  reached  in  loenmntives  and  in  marine 
engines  and  boilers,  seems  yet  far  distant.  Tli(.>  iiUvsi  will  sunire  at 
laut.  but  the  unlil  Vntfn  u  long  lime. 

The  following  is  u  list  of  the  leading  types  and  varieties  of  boilerv 
which  still  survive  in  stationary  pmctice  in  the  United  States: 

Internally  Fired. — (lallowuv,  Sculch  murine,  locomotive,  vertical 
tubular. 

Kxteriially  Fired. — SIu-U  li(}ilc>ra:  cylinder,  two-due.  horizontal, 
aiul  vertical  tubular;  water-tube  boilers:  ineliued,  vertical,  an<l  ^-urvwl 
tnbee;  coil  or  pipe  boilors. 

Besides  these  there  are  numerous  combined  and  nondescript  typt«^ 
and  modifications  of  standard  types,  which  usually  have  but  a  short 
life  in  the  market. 

There  is  no  probability  that  any  increased  economy  of  fuel  may 
be  obtained  by  a  cluuige  from  any  one  type  to  another,  if  the  c<mdi- 
tions  of  driving  remain  the  same.  With  any  one  of  those  typos  an 
efficiency  of  from  70  to  nearly  80  per  cont  of  the  theoretically  |tossihla 
may  bu  cjbtjiinetl  from  good  anthracite  or  spnii-bltumiuous  c<Hd,Iov  in 
asli  and  moisture,  and  burned  thoroughly  in  a  properly  designiKl 
furnace,  the  boiler  being  driven  at  its  most  eeonomieal  rate,  And 
proper  provision  being  Uikvn  to  lessen  the  lotiseu  from  radiation  and 
fnrni  hmks  of  sir  tlirough  tne  boiler-setting. 

The  Survival  of  a  Tt/pe  ivill  Dej}end  on  iS'om#  0//ier  Factor  Ihan 
Economy  of  Fuel. — The  jjossible  economy  that  may  be  obtained  from 
all  types  ht'iwg  equal,  the  etundard  ty|H.'  or  types  of  tlte  future  vrWl  Ijo 
8ele»;ted  for  other  rejisons  Ihuu  i-conomy  of  fuel.  Chief  among  thei«tt 
reasons  are:  (1)  Safely  from  explosion,    {i)  First  cost.    {.1)  Durability. 
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(4)  Facility  for  cUtauiug.  (5)  Co«l  of  rupaira  and  facility  for  mukiug 
tliom.    (6)  Space  ocrnpicd.    (7)  Paggibtlitj  of  driving  at  both  luw  and 

high  mt**  of  pviipnration  wii  limit  j;rt'at  loss  of  fuel  economy.  (8) 
Adaptability  of  the  built-r  and  furnace  to  different  kinds  of  coal,  bo 
that  the  coal  axay  be  changed  as  market-prices  vary. 

Thu  donuitli  rf'aiwin  in  this  ]ic»t  may  ittpiire  some  explaimtiun.  It 
is  fonnd  in  testing  Iwilcrs  ai  different  rates  of  driving  tliut  the  fiiel- 
eooDomy  bears  some  relation  to  the  rate  of  driving,  bnt  that  the  law 
of  thia  n!l:Ltimi  varieHwilh  the  typi^  of  builiT,  ami  evvii  in  the  «ime 
toiler  when  Ilred  with  different  <M)al  or  under  different  eirfumHtanrea. 
In  Fig.  13-t  the  upper  lino  A  shows  the  maxinnim  ocouomy  t)btaiue4 


s 


Fio.  1!J4,  — Hki.xtion  ok  EfONOMV  to  Ratk  op  pRivnto. 
A,  maximum  r^suliB  nt  ilm  <Viii«>iHiiul   Kxltiliitioii,    /.  Firnicnirli;  J,  Root;  S, 
Stultb;  .f,  ilnllowBv;  B  nn<I  (',  two  kvpoclieticnl  cases:  I),  iitiniiuum  rMmlts  at 
tlio  (Valrnnikl  Exhibition;  S,  &,  7.  lixeier;  F^  H,  ^.  Wiegand. 

at  different  rattv  of  driring  in  te«t«  of  fnnr  Iwilers  at  the  Contenuial 
Exhihitinn,  viz. ;  The  economy  of  tents  of  the  Firmenich  and  Root, 
and  the  capacity  teets  of  the  Smith  and  (hdloway  IxiilerH.  It  is  eon- 
ceivable  that  there  might  have  ht^en  a  single  boiler  whirh  wonid  have 
given  these  four  r<v*nlt8,  which  would  have  been  au  extraordinary,  but 
not  imp<KMible  record.  The  line  J^  joins  the  lowest  resulls  obtained 
in  the  CenteiiTiial  IwU  nt  the  nitt-H  of  driving  shown.  Tho  rcKults  of"- 
the  other  t*wts,  if  plotU'd,  would  fall  inriide  (if  the  area  bounded  by  thtf 
lines  A  and  /).  The  relation  of  rate  of  driving  to  economy  of  tho 
Exeti'r  lK)iIer  in  shown  by  the  lim-  A\  atid  that  of  the  Wiogand  boilt 
by  the  line  F.     The  lines  £i  and  C  represent  the  hyjKtthetieal  casoa 
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tvo  boilere  tested  at  a  number  of  difTorent  ratus.  While  boiler  C 
shuwti  the  highest  et^oaoroy,  il  is  only  for  a  limited  range  of  tho  rate 
of  ilri\ing'  that  its  economy  is  prreater  than  that  of  B,  X\w  latter  showinjf 
a  high)'!"  «(!ononiy  over  u  wiilc  rutigc,  and  tlHirofore  it  may  I«*  t^Mi- 
fliderod  the  better  boiler,  as  far  as  et'onomy  of  fuel  is  concerned,  for 
widuly  varyiti]tt  loads,  while  C  ib  the  better  for  Btcady  driving  at  a  rate 
whi(!h  corresj)ond»  tu  that  of  its  uiuximuni  euoiiomy. 

Thv  Boiler  7)/pe$  of  the  Future. — There  is  not  likely  to  be  any 
important  chaiijife  in  tho  e\ii»ting  types  at  boiler  used  in  gtationari* 
praetice,  nor  is  any  new  iyjie  likely  to  be  developed  whit:h  will  offt-r 
any  (ulvaiita^oB  over  the  proscut  types.  New  boilen  or  muditiciilitinit 
of  old  ones  M'ill  continue  to  be  invented,  and  some  of  them,  by  dint  of 
butiiiu'Mi  enlerprine  and  libeml  advi-rti^^inK.  may  be  sold  in  t-ont>iderable 
numberti,  l>tit  the  farther  the«o  depart  in  their  constniotion  fr<im  tho 
existing  types  the  Icfw  likely  are  they  to  be  permanently  surcessfid. 

'IMk*  survival  (if  certain  types  in  the  8truj;gle  betwtwn  thost^  now  on 
tlu*  market  will  di'pend  not  on  economy  of  fuel,  aa  has  already  been 
Btatc<l.  Tinr  nn  rheapnewi  (if  first  enst,  for  an  the  country  inereaeofi  in 
WL-ulth,  bnilur  users  become  more  willing  to  pay  fair  prices  for  the  boat 
boilers.  It  will  depend  chiefly  on  the  factors  of  durability  and  facility 
for  cleaning  and  for  repairs.  Dunibihty  depends  largely  on  the  kind 
of  water  usoU  in  a  boiler,  and  therefore  a  boiler  may  sunive  in  New 
England,  where  the  water  ia  generally  af  oxcellent  quality,  while  It 
may  be  condemned  in  many  ecptions  of  the  West,  where  the  water 
coutaiuH  large  amounts  of  scale- forming  material.  The  qntvilitm  of 
economy  of  space  occupied  wilJ  by  an  important  factor  in  determining 
the  type  of  boiler  to  be  MSini  in  large  plants  in  cities,  where  real  cctate 
id  expensive. 

Boiler  Fur}utcre  of  the  FTiture. — Tho  greatest  improvement  which 
is  to  bo  made  in  avt-rage  boiler  practice  is  the  adoption  of  furnaces  for 
burning  aoft  cual  without  smoke.  Jn  ordinary  practice  in  the  Western 
States  an  ofticiency  of  50  per  cent  or  less  is  not  uncommon,  with  the 
eoal  buriietl  in  ordiiiarj'  furnaces.  It  is  quite  possible  to  raise  this  to 
70  or  even  75  per  cent  nit h  automatic  stokers,  furnaces  surrounded 
by  fire-brick,  and  provision  for  securing  the  intimate  admixture  of  very 
hr)t  air  with  the  distilled  gaeos.  The  raising  of  the  efficiency  of  boilcm 
by  these  means  from  50  per  cent  to  70  per  cent  would  effect  a  saving 
of  many  millions  of  dollars  per  year,  and  it  wouh)  at  the  same  timo 
abolish  the  smoke  nuisaucej  which  is  an  increasing  one  in  all  large 
cities. 
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Appnlwliiaii  ciwl-fit-lil,  M 

Alloy.  304                                                             ^M 

AppAnuiu     for    (letvnninlDg     beAlIn^ 

Andoriuin.  404                                                      ^^M 

value  nf  cmtlii,  128 

Rabcwk  &  Witiwx,  206,  370                               ^H 

for  ltitlicnliti>;  furnace  ooa<tlUons,  434 

Belle<rillf.  -J03                                                      ^H 

Argaiiil  btcarii-blowor,  1D4 

Caliall.  271                                                                 ^H 

Aritona  eoaln.  HO 

Caldwi'll.  207                                                       ^^1 

Arkanwu  coal-.  7A 

CInircb.  'Ml                                                              ^H 

Arndt'a  vcaannn-trr,  48$ 

L>anc'e.  aA3                                                           ^H 

Ash,  eliAraclvr  at,  44 

Field.  2n0                                                              ^H 

Kjnniiniob.  20.1                                                    ^^1 

Balioiek  &  Wili-i>x  stoker    ITft 

Piirh  &  Voiffbt,  sr>s                                ^H 

water-lulm  boilrr.  :MSe.  '.'70.  S98 

Fl«t.:lirr.  25U                                                        ^^H 

Ba^assnat  f>ifl.  137 

(itll,  207                                                                ^H 

burner,  I'ook's,  1H7 

(iiiniry.  2m                                                          ^^1 

Baokinir  liruit,  bwa  itm>  to.  445 

Hii2^-Iton.  201                                                       ^^1 

Be)l«villv  tvaier-tnbe  bDllcr,  208 

Joly,  330                                                                      ^ 

fiultlem'  gUHraulvfla,  445 

Kelly.  300                                                             ^J 

^H 

^m         464                                         lyDSS.                                    ^^^M 

^H              Boiler,  water-talw.  Kilgore,  368 

Coal,  ariKlTaes  and  healing  vmlott,  4t^^H 

^H                  MftTiiftrd.seS 

and  tiociAl  proffren.  86  ^H 
antlirai-ite,  in  New  Mexioo,  OA          ^^M 

^H                  Mifltir.  300 

^H                 Morrln's  CUmat,  374 

anthracite,  in  PenntiTlvaoia,  53       ^H 

^^M                Mualitir,  STS 

browu,  and  li^niti^,  43                       ^H 

^^t               N'ntiimiil,  907 

caking  and  noii-t.-aking  43               ^^^ 

^^^H           I'hlf^'cT,  2S3 

caloriiasxrlo  trals,  tJ7,  93                  ^H 

^^^V           llolwrlx,  204 

caonel,  43                                    ^^^^H 

^V               Ri>geni  &  BLick.  2«S 

cIiBi<incalloD  of,  43.  97              ^^^H 

^M                 Ihwi,  V67 

rfT«rt  of  weathering,  116          ^^^^^| 

^H                   Uowao,  303 

formation  of,  80                          ^^^^H 

^H                   Ktnvffn<i,  2S3 

er&)i}iit{c,  in  Kliod^  Inland,  53  ^H 
heatinfir  value  of,  44                            ^H 

^H                  Htirling.  373 

^^1                 'riLornjcroft,  275 

hygrometric  propertias  of,  36          ^^M 

^M                Wftrr],  2q;j 

innlffture  in.  41                                   ^H 

^H                 WUeeler.  38^ 

production  of,  in  V.  S.,  89,  40 

^H                  Wivkvn,  S72 

qnnlity  of.  in  rviatioii  f*  boiler  eapar 

^H                     IVieKHtit],  260 

eil/.  FH)                                            ^m 

^H                 Wilrox.  361 

Bampliof  of,  880                                ^M 

^H               Dollcrcomjxiuuds,  310,  82S 

aeli^ction  nf.  fnr  Bteani«)>oi]er9,  119  ^H 

^^1               Boil<*r?(,   forms  usnl  iit  Jif[er«Dt  ouun- 

Hemt-artlirncitn.  54                             ^H 

^^M 

8ofT,  bow  to  burn,  15S                       ^H 

^^M               Bomb  i-nIuritii<-tiT.  Mulilrr's,  S4 

l«<»tiD|f  n-Ullv6  vahint  of.  121.  12tJ  ^1 

^H             Briiiiiti  TLt<rtuftl  I'liii,  S 

valuing  >>v  ten  And  aDalyeis,  51       ^H 

^^m              Briqti(ttt«».  or  prmned  fii«i.  131 

Cnnl-ihist  as  ftivl.  133.  188                    ^M 

^^M             Bnivra  coal  and  iif^niie,  43 

bnrnhig.  Weg«ner  ayatein,  16S         ^H 

^^B               RiickurliHiit  uittlirufiiui  ciial,   ^t^f^tB  wUli, 

Ttv,  Cnrnp  ntsImh.  163                       ^H 

^M                    S86 

C'(]al-fi6lcii>  of  the  HniUKl  .Statw,  53      JH 

^^H               BtinU*,  tents  nf  OiTuian  c<m1s,  116 

bituinimms  end  »>4'riii-l>itiiDiinDaa.  tSf^^ 

Coals,  tests  of  heatlnc  value  br  Buul«, 

^H             Caliall  water-tube  boiler,  271 

116 

^H              CaMwttll  wat*T.labe  iKiIlnr,  367 

Tlnte  &  Willlania,  1 18                          ^M 

^H             Callfumiacoal,  Bl 

Johnxon,  94                                       ^^| 

^^H               Uatori rii8t«7r,  c^ul-,  Mahler'n,  M 

I^rd  &  Daaa.  101                        ^^^M 

^H                   vtfAiu-.  33»,  8.t» 

Mahler,                                             ^^^1 

^^H                       corrm^L'inn  for,  354 

Schtiur*r.K««tn*"r.  84                 ^^^^B 

^H             Caloriineiric  icate  of  couIb,  67,  128 

HiotiMjn  &  C'olhom,  113                     ^H 

^H               Canufl  ry>nl,  43 

Cr>dtt  nf  rules  for  botlttr-irlala,  88S       ^| 

^^1             CapaciiT,  df[)cnil-<i  on  vooaomy,  192 

Cnelfictcnt  of  perfonnoQce,  "a,"  2M  ^| 

^^1                   Rieinf'ninry  priticlplcH,  168 

Coke,  131                                                ^M 

^^M                   of  a  boiler,  10 

Coking  syslviu  of  firiog.  100                 ^^M 

^H                 of  a  plain  cylinder  boUur,  IBS.  200 

Cnlnrado  coals,  76                                    ^^M 

^M             Carbon.  16 

C(m;buslible,  dclinttion  of,  13              ^^M 

^^M                 uiutinsiJe  due  to  heavy  Brin);.  81 

Combustton,  cUeuiuitr>'  of,  16             ^^H 

^^1                 mnnoxtile  formei)  frmii  COi.  13 

heat  produced  by.  SO                 ^^^^H 

^H              Ci-Dteimial  Enliibiiioii  I4%I8,  290,403 

beat                                              ^^^^1 

^^M             Cliniti-jfnito  Htukors.  17'J 

fuel,  6                                     ^^^H 

^^M             Cliemistry  of  fiit>l  urid  coioLustion,  I6 

liu|>erfi><-t,  8 

^^H                   cf  acalu  and  »nilf^-s(ilr<riit»,  33!! 

ratu  of,  due  to  height  of  cliiinne^,  436 

^H              Obimnvr-drnft  tlKHvrj.  423 

coniplftt-.  hovr  lottecure,  150 

^^m              V'biiiitivy  bri|;lit  for  ilifTi^rr'Ul  fuels.  420 

Cr>iuiii<Trial   and  vsperinieutal  reMuIts. 

^H                 lablu  of  sizffl  of,  4'J{) 

861                                                    ^ 

^^B              Cbiircli  wator  luhn  iMiilcr,  361 

Cotiiplalott  ronoKrning  boilora,  901      ^H 

^H              rirculAtlon  of  vuter  in  bi>ller,  299 

('onnellsvillAcoat,  46                           ^^| 

^^H                   vffi^ct  of,  un  ivronoiiiY,  240 

Corn  as  fnul,  144                                      ^^M 

^^M             Ciax8ifI«atioii  of  coali).  -12 

CornlKb  Ujller.  248                         ^^H 

^H                 (jriuier's,  b7 

CorroHion,  lotemal,  818               ^^^^H 

^^M              Cli'iiui  wnler-LulfB  lioilrr.  274 

external.  S26                                 !^|^| 

^^1             Coal,  analvHca  "f,  la  rartous  dUtrict**, 

Cost  of  coal  per  boiler  horae-powi^^^^ 

^■_                    46.  M  fj  SS,  85,  »T.  S8,  104.  112, 

of  Ulior  in  iKiilcvr-rontnn,  448 

^^^H 

of  haudliug  coal  and  aahett,  44B        ^h 

f^^^^P                                                          ^^^f            45S           ^H 

Coxc  anUHDalie  stoker,  170 

Firing*,  Improper,  807                                             ^^H 

Calm,  anthracite,  teistii  wiili,  S88 

mechanical.  1H6                                                   ^^H 

Cumberlaud.  Mil.,co«1.4€ 

[u«tli<x]»,  vrith  anthmcitn,  147                              ^^H 

caal-lield,  fl2 

with  Hoft  mat.  15R                                                   ^^1 

Fimieiiicli  wntfr-tube  boiler,  965                          ^^H 

Dumb  wttt«r-tnbe  l)oiler,  203 

l-'itcb  &  Voigbt'a  WBier>tulit?  Iiuilcr  2^              ^^H 

DeCuDp  powd«rvd'CoaUj'.'<lcrii,  1S3 

^^1 

DemMuponitian,  heal  abflorlMd  by,  SI 

Fletcher  wnter-iube  boiler,  250                             ^^H 

DeTecta  causing:  esplosions.  9"^ 

Flue-gM  nnatyrtis,  860                                                ^^H 
Fnrced  draft,  179                                                    ^^H 

discovennl  Iiy  ina[M>ctioti.  829 

DeSaitlonsand  principle.i,  1 

Fuol  nnd  iroiubuBtitm,  16                                           ^^^| 

De«i(minj(  boiiera  far  u  railway  plant, 

Fuels  other  thati  coal,  131                                         ^^H 

4*7 

mixfiL,  liputin^  vbIup  of,  31                                  ^^^| 

Disiribuiion  of   thu  Licatlog  ra]ue  of 

Furnace  not  adaptM  to  coal,  304                             ^^^| 

furl,  mo 

Fii riiiir*^'*!!  fur  aiitliracite  coal,  147                            ^^^| 

Down-drnft  fnrnace.  165 

for  bltuinlnou<<  coal.  IBS                                     ^^H 

Dmft,  dan  lu  boiglit  v(  cliitDDe>,  424 

fur  burning'  tan-bark,  136,  187                           ^^H 

forceil.  179 

llawley  dowti-drafl,  165                                         ^^H 

force  or  uiU-osity  of,  4^ 

Kent's  wUig-wall,  161                                             ^^H 

iDiluced,  180 

location  of,  145                                                         ^^H 

rtMjitireincDts  of,  146                                               ^^H 

poor,  302 

ustr  nf  healed  air  in,  163                                        ^^H 

Dut'itig'B  furmula  for  heating'  valuv,  7, 

Wnlkrr.  lUU                                                                     ^^1 

93.  103 

Foture  boiler  and  fariiaou  practice,  440               ^^H 

Durabilitj.  290,  83d 

^^H 

I>ur8ion'M  eT{)«i[inttDts  od  tranamlMion 

Oallovay  boiler,  248                                              ^H 

of  livHt.  3S0 

(fa.*4  analyses  nnd  the  Lvat  balance,  436                         1 

ItaBl.ru«l,  1S3,  1H3 

Oases,  wei|;hc  and  densitiea  of.  20                                  M 

weight  of,  calculated,  83                                    ^^H 

Bsoooncter.  Amdt's,  435 

Gas-fuel,  142                                                                 ^H 

Eooaomlzf'rs.  430 

(iMirgta  coaU.  67                                                     ^^H 

uviRK  cffi^clpil  Uy.  483 

liernmn  i^ats,  Uunle'a  tests,  116                          ^^H 

Ecoaunir,  calculation  of,  IDl 

(iill  wBter<tube  builer.  267                                        ^^H 

deponds  ou  ratv  of  drlvlu);,  106 

(iraphic  record  of  a  teHt,  972                                 ^^H 

elementarjr  prlnclplvH  of,  188 

liraphitic  coal,  in  Khode  Island.  52                      ^^H 

of  boilent  in  i-ltH-tric  Dtatiuim,  447 

(irate  and  heating  purfafe  rt-quired  for               ^^H 

of  fuel  doea  n<>t  d«|>«cd  on  type,  908 
range  of  found  in  practtre,  SSO 

givvn  power,  282.  285                                         ^^H 

baTH,  air  space  through,  28S                               ^^H 

KfficicDcy,  calculution  of.  341 

bara.                                                                      ^H 

dao8  not  dniwiiil  afxin  Ivpe  of  bailer, 

the  McClavo,  I5.t                                                ^H 

243 

Orates,  slmkiug  nnil  dumping:,  103                         ^^H 

effect  of  various  condiciouii  on,  221 

(Irate-surface,  calculalious  of,  440                          ^^H 

L         geaenU  fonnula  fur,  210 

large  ratioit  of.  443                                              ^^H 

1         of  a  biitlfr,  11 

insutflciunt,  !i(M                                                    ^^1 

r           of  boiler  and  grate,  859 

Groovintr  or  channelling,  817                                 ^^H 

\           of  llie  bi-alinif  »turfac«,  14,  205 

(iuuranteM  In  bidH,  445                                               ^^H 

Elect rir-Uif lit  Htationei,  boilen  in,  447 
Elephant  boilt-r,  2-lR 

Gurncy  natcr-tubf?  boiler,  261                                  ^^H 

^^H 

Ellis  &,  Kavea  hot-air  HTBtem,  183 

Harrison  cast-iron  boiler.  404                                    ^^H 

Equivalent  evaporation,  11 

Ilswiey  dowu-tlraft  fijrna<-«,  165                             ^^H 

Evaporation,  fadora  of,  416 

IlaKeUon  watcr-tubv  builer,  261                               ^^H 

i«Aa,  883 

2                                                                       ^H 

Exeter  eaat-lron  boiler,  404 

nljsorbed  l>y  docomposltioD,  21                           ^^H 

Kiperioients,  nee  Testa. 

balance.  341,  300,  436                                         ^H 

Explonion,  danger  of.  295 

^^1 

Eintonions  caueei]  by  biddea  defects, 

of  coatbusilon,  7                                              ^^H 

320 

quantity  of,  6                                                       ^^H 

fl{>Qcilic,  4                                                              ^^H 

Factor*  of  evaporation,  416 

transfer  of,  10                                                      ^^H 

Feed>WBter.  iiuality  of,  818 

transmiMion  through  plal«H,  235,  2SB               ^^H 

Plold  water-tube  boiler,  30B 

Dnit,  d<?liDUiua  of,  8                                            ^^H 

466 
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Heated  air.  use  of  in  rnritoce,  163,  IHI, 
Ilefttiiij?  Aurface,  cakulaliimH  nf,  440 

etliciincy  of.  205 

idHntrififiit.  )fl5.  ail 

rw^uired  for  plveti  power,  388 
IU>atin|[  vnlun  af  cosIh,  64,  1S8 

available,  of  lijdroj^u,  23 

of  lij-Jn)gi'iious  fuvls,  2-1 

relation  VI  fixed  carlxm,  IW.  UO 
Hiwliu^  vftltHw  of  (jure  UivIh,  20 

of  compound  fuels,  21 

uf  various  subaUncot*.  20 
Horse-power  of  a  Bteaia-lxriler,  U,  :i80 

balider'a  rating,  29A 
Ilot-alr  xvHteui,  Uowdmi.  1S1 

Kllifl  k  Kavea,  182 
IIovrden'8  bot-atr  xyatntn,  181 
Humidity,  n^lative,  18 
Hydrogen,  IB 

avatlnhlii  hoatiiig  Tallin  uf.  32 
Ilygrotuetric  pmpertiea  of  coals,  M 

niiiwia  coa^-basiD,  69 

coals.  Id 
Indiana  coals.  60 
iQcruatatlnn  ami  sralo,  S17 
iDdiao  Terrhon*  coals,  77 
iDSpocttoii,  raoility  fur,  206 
Iowa  coaU.  74 

Jolioaiin'i!  te-itf)  of  AmRrican  coals,  84 
Joly  watef'talie  tmiler,  259 
Jones  andepfeod  stoker,  178 

Kelly  watRf-tube  Itoilor,  200 
Kent's  wing-wall  furnac*',  I6l 
Kemucky,  Aaatero,  coal-field,  65 

western,  conl-lii^id,  69 
Kilgore  watertubo  loiler,  S6D 

Laocasliire  boiler,  348 
bkteut  bKat.  4 

of  steani.  40B 
l.ea>{B)i:e  of  air  tlimugb  brickwork,  aOfl 
l.ifv  of  noieaiu-boiler.  S'J8 
l.it;iiii»*.  Vi 
Uquid  fuel,  sec  Potroleuiu,  187 

udvnntjmea  of,  141 
Lunl  and  Haaa's l«»la of  Ainnricsu  coala. 

101 
Loom  of  fuel  (lu<<  ■(>  lutTilciiit'  Uriis,  44>'i 
Lowe  liorlzuiital  ubular  boiler,  408 

Maliler'acoal  calorimeLer,  iH 
tens  af  EuroiKtaii  c-hIh,  93 
MannlttK  vertical  biiilpr,  2X1 
Marine  boilers,  35A,  U7S.  276 
Mirylaiul  M^nil-bttiiiiiiiiniifi  coal,  46.  62 
Mnvnurd  water'tulje  Iwiler,  263 


Measures  for  comparinf;  dnijr, 
Megaan,  seo  Bagasse,  137 
MicLigan  ur  nonbera  coal-Seld,  68 
Millff  water-tiilm  lioiler.  2S0 
Missouri  cftal-baHin,  74 
MoiHtnre  in  coal,  metbod  of  ftndinjE.  i 

asi  ^ 

in  Rteam,  KS 

in  nteam,  determination  «f.  374 
Montsna  c>«tH.  81 
Mnrrln  wat«r-tiibe  lioJIer,  274 
Mosber  boiler,  270 
Morpliy  aulomaiic  furuao(%  176 

National  water-tulie  boiler.  367 

Novada  coal.  81 

Ne\r  Mexico,  autbraclle  in,  06 

couls  of,  8(1 
New  Hiver,  W.  Va.,  «ial,  46 
Nitroften,  17 
N'orlli  Carolitia  coal.  64 
Nonb  DakoU  coal,  81 

OLlo  coaU,  67,  105 

Oil,  itietliodH  (I'f  burning.  IM 

Oil,  petroleum  as  fuel,  137 

vrrnu  oiml,  141 
Opetaiiou  iif  a  steam-boiler.  13 
Ore^fori  cialn,  tf'i 
Or^t  apparatua  for  aualyxlng  in^ses,  8K 
Oxy^Mi.  17 

required  for  com  I)  nation,  18 

Peat  or  turf.  1U8 
Pennsvlvnuta  aDibracile,  46,  Hi 

bilumiiiiiiis  t'oalK,  46,  58 
IVrfoniiaiicf  of  Iwiters,  880 
Pelfifleum  as  /m*-l.  IS7 

metbods  of  biiratnt;,  184 
Pblegrer  vrater>tiil>v  Iioili*r,  262 
PierCT}  rolatiiifc'  Iwplcr.  40i 
PitUbiirK  <-<>nl.  46,  104 
Ptnyfiirt  sU)k«r,  173 
pDirabotitas  coul.flvld,  68 

coal,  104 
Poiuts  of  a  good  boiler.  293 
Powdered  fnel,  1S2,  188 
PniL-tical     coiicluaioBS     derived      from' 

theory,  228 
Precautions  in  lixilnr-traling,  848 
Pressed  fuel,  or  briquettes,  131 
Principle*!  and  itHlinition!*,  1 
ProducDi-gai4,  1-18 

Proportions  of  (,Tat«  and  beating  sur- 
face. 282 

of  Guvs  ntid  gas^paasa^ea,  388 
I'yronieters,  4w 

Qaality  of  steam,  correctloiM  for,  989 

Buperbeated  atMUu,  866 
Vuoniity  of  b«at  la  a  body,  6 


^f          ^        nmax.                                457^^B 

BMdUtbn,  «S«iot  of,  on  ftRcSeacy,  SIO 

Hinkeni.  Babcnck  &  Wilcox,  178               ^^^H 

Dielbod  f>f  iti«u(urini;,  878 

Coxe,  170                                                  ^^^H 

loss  dur  tn,  44S 

Jones  undt-r-feei],  179                             ^^^^^H 

Railway  pUtDl,  designing bon«ra  for, 487 

MurpliT.                                                 ^^^H 

Bating  of  bollf  re,  11 

Play  ford    173                                         ^^^H 

Bfl|)Kirs  of  bnilvrs,  397 

^^^^^^H 

Koport  of  a  boiler-trial,  forma  for,  812 

16V                                               ^^^H 

RntJinleni,  181 

Wilkinison.                                                   ^^^^M 

Kli<H)t>  Island,  pTRpliillc  txial  la,  63 

Straw  aa  fuel,  186                                      ^^^^H 

Kiiigi^luiniiti'tK  Miiok«i-cIiart,  304 

^^^^^H 

Koberta  wat«r-tub«  boiler,  SM 

beating  Talue        8S                               ^^^^^H 

Ui>iprni  ft  Block  waiftr-talMi  boiler,  369 

beating  valuo  of,  in  eooJ,  85                   ^^^^^H 

RoRfT  mechinlcal  sucker.  173 

Baperbeated  steam,  quality  of,  858           ^^^^^| 

Krtjt'wKtiT-iiilif  Imiler.  367 

Supprbealiitg,  bow  deteriuined,  838                ~^^H 

Kowiui  wator-tubti  boikr,  262 

^^^^^H 

Ralea  for  oondttcting  boiler-lriaU,  333 

T&n-hark  as  fuel,  136                                    ^^^^H 

Temperature,  3                                           ^^^^^| 

Sampling  flue-gwm,  866 

due  to  burning  carbon,  26                                 ^^^H 

Sampling  of  coal,  3S8 

liydrogeb.  34  and  27             ^^H 

Sawdust  as  fuel.  185 

tbe  fire.  25                                          ^^^^H 

SctiUf  «n<l  incrustation,  317 

tbeoratical,  36                                         ^^^^H 

cauwH  uf.  331 

Tenneesen  cokIh.  66                                        ^^^^^H 

6ebetir<T-Kp»tner'a    teaw  of   European 

Test,  grapbtr  record  of  a,  373                   ^^^^^| 

eoala,  M 

Tenting  reliitive  value  of  coala.  131            ^^^^^H 

Seot«li  iiiarine  l>oiI«r.  3KS 

TeBtM.  computation  of  rettalts,  876            ^^^^^| 

Relevlion  nf  ruiil  fi»r  slejim-boilorB,  11( 

cvapomlion,  nbjert  of,  883,  848                ^^^^^^| 

Seleciing  a  n«w  typ«  uf  boiler,  393 

of  a  Babcock  &  Wilcox  marine  boiler,    ^^^^H 

Semi'ltitiiininoiiH  tMnl-licldn,  &0 

883                                                                 ^H 

coal.  ttnalviie$i,  46,  09 

of  a  Thomycrofi  boiler.  803                           ^^ 

8<>uiiig  of  lioilfr,  tttid,  805 

of  Stirling    boilers    wltli    antbracile 
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UckettB  uid  RusscU'i  SkeletoD  Fotes  upoo  loorisjik  ClwmisirT     tv»n  I. — 

Hon-nie utile   Eicincntm.). 8*0,  bmtocco,  t$ 

Rlcktttt  and  Milltr'i  Kotcton  Amrint ■  -Svo.  j  00 

lUdeaTt  8««i|»  and  tba  Bacterial  Pufifimtian  of  S«wac« 8vn,  J  $0 

DUnf Kboa  fti»d  tlM  Prcwmlion  of  Food Bvo.  4  00 

UfX^'a  EhtiDCotarr  Manual  for  tbe  Clitmical  Laboratory.. ......(....Sva,  1   25 

Rostoski'sScrumDiasncHit.     ^Boiduan.) ;..   iiiao.  too 

Ruddirnaii's  Inc<>m(>atibilitlBain  PnacrlpUons. ' 8vo,  2  oo 

flabin**  ladiutrial  and  Artiidc  Teeboolocr  of  ^ntaacd  Varsl&b &ro,  3  00 

IftBmrald's  PhT«l<dofkal  and  Pathaloclcal  Cbvtsmtty-    (Orodorff.)-  •  •  'Bvo,  a  so 

•eUatpTi  Ttoct-book  q1  VolftinMrie  AnaiVaif tamo,  ]  50 

giiiiitlahiif  Tiiliiiiiatili  ftiiiljili luw*  1   33 

Sptncef'i  Haaofeook  tor  CbtiniaU  ol  Bc»t-(ucar  HodM«. 16 too.  morocco.  3  00 

Handbook  for  Sucar  Hanufacttuvra  aod  t)Mir  Cbvnusta.  .idmatiDofDCCOi  a  oo 

Stockbridie'a  Rocks  and  Solta Svo,  1  50 

*  TUtman'a  ElsmanUir  Lanou  In  B«at Bro.  i  so 

*  DcKriptlw  Ctotial  ChcmbtiT tvo,  3  00 

TreadwrU'i  QuiilitatlT*  Aaalril*.     (BtlL) a 8tc.  3  00 

QuAtitatiTa  AnalytiSL    (Eafl.). 8«a.  4  oo 

Tumeaurvand  RuueU's  INiblk  Waur-«uppll«« B*o.  s  m 

Van  D<T>nttr*i  Phytieal Cb«ail«ry  for  B«|iRMrs.    (B9lnr(H4,)....t..isisQ.  i  50 

*  Walke'tLectureaoQ  BaploslTta Bvo.  4  oo 

Wasbmctoii'i  Manual  of  the  Chemical  Analr*!*  of  Rocks. Svo,  a  00 

WaMiiiiiaiiii'i Immaoa Sera:  Umakolftmt, Cftotoxlaa, aod  PrvcLpttloa.    (Bol- 

duan.} laino,  t   no 

WalM'a  laboratory  Dnlda  In  OualitatiTa  Cb«mi<al  Aoalnl*. 8vo,  t  50 

Sliorl  CouTM  Id  Irwrcamc  QoaUtatire  Chemical  Aoatjaia  lur  EoKinceTinx 

Students I  imo,  ■   50 

WUpplt'l  Microscopy  of  Dflnkinc'waier. 8*0,  3  50 

Wlaeltmann'a  Sugar  Analyak .Small  Sto,  a  50 

WUioa'i  CraaidaProcew«t. .......^...ijmo.  i  so 

Cbkiflnation  Procvaa .................lamo,  t   50 

WoUiflc't  ElaawotaiT  Cotma  In  laornnic  Phannactntkal  and  Hcdkai  Chcm- 

kxry iimo.  3  00 

CIVIL  EWGIKEERnrO. 
BRIDGES  AKD    ROOFS.       BYDRADLICS.       MATERIALS   07    BITGIIIEBIIIHO 

RAJtWAT  EnGOBERIHO. 

Sakar*!  Enctflien*  Surreriog  InsiromenM ..  .tsmo*  3  00 

Bizbr'n  Graphical  Computing  Table Paper   iotXa4i  bicbM.  33 

*■  Bbtt^  Aaclaat  and  Kodtn  BotiflMiinc  and  tba  btbmiaa  CanaL    (Poitao, 

37  caota  addlUonaL) 8vo,  oM.  3  30 

Coawack'a  Flald  AittODomr  tor  Emtnwn. 8vo.  3  ^ 

Daris'a  Elevstlaa  and  atadla  TabiM 8to,  t  no 

BlBotfa BogiiiMrtDC (or Lasd Drainai* ismo.  i  50 

Practical  Farm  Drainage. >..■•.> isanvi  1  oo 

Folwaira  Stvtrage.    (DealcnlDf  and  MalBleoanc*.). •».  300 

Tllfcu'l  II 1 1  bill  I  till  ■!  riinlni  rirlni      >d  Edition   Hewnttac ,,..,B*a  350 

Pnoab  and  lTea*a  SttrMtomy Bvo.  3  so 

Ooodbuc'lMunieipat  Improvemcnls iam«i  1  7S 

Ooodticb'i  Economic  Dltpoaal  ol  Towni*  RafuM Bto,  3  50 

Oon'iBloniwtaolOaodMr 8*0.  i  so 

Eayfard**  Tazt-book  o(  Otodatk  Aatronomy 8vo,  3  '><> 

Htriag^  Rwdy  Rafwioca  Tabl— (Conwwion  Factoti).. . . . .  .rfnin,  mcrocoo.  3  50 

5 


Bowv'iIUuiniot Wall! lor EAnh iiuwi,  t  j5 

Jahouo*  {J-  B-)  Tbrarr  aod  Pnctic«  oi  Sttrreriog. ...  Sanll  Bvo.  4  os 

}altBMD*a  (L.  J.}  Static*  br  Algebraic  am]  Graphic  Metliods. .Svo,  ^  00 

lajilaca'*  PbllaaoplUcai  Eway  on  ProbftbUiUo*.     (Tnuconaad  Eooit.)  ismo,  >   90 

lUhAii'i  Trtarbt  OS  Civil  Eodatwlag.    (1871.)    (Wood.) era,  500 

*  DctcriptlTo  GeomeuT S»o,  t  50 

HnriDiaR'tEleiiMDtsot  pTtcluSaiTeTii>2ftiulGc<Ml«tr ...........Svo,  I  lO 

EkmtnUof  SanltoirEucliioring l*o.  i  oo 

■nrinMaand  Srooka*!  Handbook  lor  Sitfverora ....161S0,  moroceo. 

■ofuA Pko* Somflng ... 8«o 

Oc4mi'»  SftfvT  Dnirn iitno, 

P*itoD'i  TrealUaoo  Civil  £11  (•ioeef tog 8to  half  ImUwx. 

■iMd'i  TiipoCTXptiKal  Dnirinc  b:i4  Sketchlnc -tlOi 

UdMraSciraics  and  Um  Bacterial  PuiUicatian  of  Sewag* >▼(>•  3  SO 

Mvberl  and  Biggin's  kodvm  Stone-cuttii)(  aod  Matonrr 8*0.  t  so 

■mlth'a  llAooal  of  Topograpbical  Drawing.     (McMillao.) 8t4,  3  SO 

tpndcrtcker'i  Gnpbk  Sutici.  wiih  AppUearlou    to  Tnmct.  Beam*,  and 

Arebea. -Sto.  2  00 

Ilkylor  and  TbompsoD'i  TreatJM  on  Concrete 4*1*^1  ftnd  Raioforced.    {In  praaa.) 

*  Tiatitvlaa'a  Ciril  EngioMr't  Pockeubook ibnto,  morocco,  5  oa 

Walt's  BsgliiH ring  and  ArcUtMlural  JuritprudcDc*., , Sto.  6  oo 

SbMp,  6  so 
Law  of  Operatiooa  ProUmloarr  to  CoattmcUon  la  Bii|lna«1o(  aoi  Arclii- 

toctura Sto.  5  00 

Bbaap.  5  50 

Law  of  CoDtracl* Bvo,  3  00 

Wanao'i  SteraotoRir— Problamt  In  StODa-cultlog. Svo.  »  so 

Wabb'a  Ptcbleam  in  tb«  U*e  and  Adjuaimcat  ol  Bngtoaarlot  lactru(ii«ar«. 

■  Mno,  luoruccot  i  35 

*Wb««kr*«  Elatcantary  CoutM  ol  Civil  Eoginecriag 8ve,  4  00 

WUMt)*!  Topc:grapblc  SarrcHng   .        *.■... 8vo>  i  90 

BRIDGES  AlTD  ROOFS. 

SoBav'i  Practical  Treatlw  on  the  Conttmctlon  ot  lion  Itighwar  BridgM.  .Bnt,  a   00 

*  TbaniM  Rlvvr  Sndga 410.  P>per>  5  00 

BoR'a  Coun«  00  the  Sttcnei  in  Bridgaa  aod  Roof  TruMei,  Archnl  RiIm,  aod 

Suip«ti*ion   Bndget. Bvoi  3  so 

]>a  BoU'i  Uichaaict  of  Eugineerlng.     Vol.  IL SQiaU4to.    lo  00 

Voater'aTrvatin  oa  WnttAtn  Tr«ii]«  Bridget. 4ta.  5  00 

Vorwlei'a  CoCei-dam  Procua  lor  Plan .; Svo.  a  50 

Ordinary  pDiinditliont. 8vi>,  3  50 

Otmm'i Roof TnoMi 8vo,  i  3 j 

Bridga  Tnuaea     Svo,  1  50 

ArcbMlit  Wood,  Iron,  and  Sloos Bvo.  t  90 

■vwe'i  TrcatlM  on  Archn ,,..8va,  4  cm 

DeiigD  ot  Simple  ItCN>(-tnu»M  in  Wo«dai>dSt«tl 8vo,  i  00 

Jobiuoa.  Brrsn,  and  Turasatira'i  Tfacorjr  aod  Pracilco  lo  tba  Dtsigaing  of 

Uodef n   Framed  Structurct SouL  4I0,  to  00 

Marriman  and  Jacobr**  Test-book  on  Roofa  aod  Brldeea: 

Part  L—Str«ncs  in  Simple  TnUHl 8to.  ■  90 

Part  n. — Graphic  Statics. 8ro,  j  50 

PariL'*  — Bridse  risign,     4tb  Edition,  Rewrittan Bvo,  3  50 

Pari  IV.— Bigtier  Stiuclurcs 8v«.  >  50 

HortMo'i  Ucmphli  Oridga. 4to.  10  00 

Waddell'a  Da  Pontibna.  a  Pockel-book  for  Bridge  EnglEMMs.. .  iftmo.  morocco.  3  00 

SpodflcatioQi (or  StMl BridgM - ismo.  ■  25 

Wood'a  TreaiiM  on  tbe  Tbeorj  of  Iha  Coostniction  ot  Bridgei  and  Roofa .  Bn,  a  oo 
Wrtgbfa  DMigDiDl  of  Draw-tpam; 

Pari  L  — Plala-gfrder  Draw* 8vo.  a  5«» 

Pari  U. — Rlvated'truia  aod  Pla-coBoeciad  Loog-apas  DrawB Svo.  3  8A 

Two  parts  ifl  ooe  votum* •■■  8vot  i  SB 


HYDRAULICS. 
Bula'*  ExperlnuDti  npOD  the  C«atractl«ii  of  the  Lipoid  V«ln  luulnc  from  mo 

Orlflc*.     (Ttautwine.) , 8vo,  j  oo 

BoTtT*!  TrMtiM  on  BTdrauUc*. 810.  5  00 

Cburch's  Mycluinicm  ot  Haziactnaf ,. SvOt  6  00 

Dbjtrams  of  Umd  Valocity  ot  WsUr  In  Op«n  ClUDiHli P^per,  i  so 

CoOn'a  GnptiluU  Solutloii  ol  Hrdraulic  f^ablama 161110,  laofocca.  a  so 

flBilier't  Dniaatoinelefs.  and  tba  Hauuicmaat  of  Pow«r tamo.  3  00 

Johrgiri  W«ter-«a[>pl7  Kngineannf •••.(•••..STOt  4  00 

VrlMli'i  Water-power 9vo,  s  00 

Jucrtn'f  Water  aoil  Pnbbc  Health. limo.  i   so 

Watet-muaUoa  Worka lamo.  i  y> 

GancuUki  and  Kuner^  Gea«fal  FomjuU  for  ttu  tTnlfonn  Flow  of  Water  in 

Rirsn  and  Otfan  Cbaanal*.     (Harins  ami  Tnuitwina.) gvn,  4  oo 

Ruaa'a  PUtratJoo  of  PvibUc  Wator-nip^ .......8to,  3  00 

Baihliont'a  Towvnand  Tenia  for  Wator-work* 8«a.  a   50 

Banctwra  1 15  Exptriiaaiia  <m  tba  Curyiof  C«padty  o(  L«rc».  Riveted.  H«tal 

Coodults. 8»o,  1  00 

Maaon'i    Watef-wpplr.     (CetuUercd    IMncIpttlly   fratn    a    SaaJtary    Stand- 
point)    jd  Bdltloa,  RawriUan 8vo,  4  00 

M«rTiinan'i  Ttcatiaa  on  Hrdraatlcs.     gth  Edition,  Rvwrittan 8to,  s  00 

*  ICchta'a  Elam«au  o(  AnaljticAl  Va^iaaica Sro,  4  00 

Sefanrkr'a  Reserrolra  for  Irrlfntioa,  Wator-power.  and  Dooaatle  Wattr- 

•upplr Lan«  Btd,  s  00 

**  Thomas  and  Watt'i  ItnprDTenMUt  of  Rlycrt.     (Poat.  44  c  addltloaAl).  410,  6  00 

T^meaura  and  Ruaaalfi  Public  Waler-aappHea. Sro,  5  00 

Wasmaoa'a  D«ilm  and  Conitnictloa  of  Dama.. 4tei  5  00 

Water-auppty  of  the  CHt  of  New  Torklrom  iftsStoiSgS- 4IO1  to  00 

Ifalibach'i  BrdraoBca  and  Hydraulic  Moton.     ( Do  B<^) 8ro.  s  00 

miKHt'te  Hannal  at  Irri£aHan  Eti(la««rlnc SauR  8to.  4  00 

Warn  WlndtniU  aa  a  Prima  Morat 8to.  3  cm 

WMd*a  Tuibtoaa 8ro,  a  50 

Elamcnta  of  Analytical  Mecbanica SvOt  i  00 

KATBRIALS  OF  ERGINEBRIIIO. 

Bakar'aTrcaliM  on  Maaonr?  CoutnictioB (to.  $  00 

Roada  and  Panmcnta. , 8tD(  5  00 

Black'a  United  Sutas  Public  Works 0btoa(4lo,  5  00 

Baray'a  Slranztt)  of  Uateriato  and  Thaery  of  StroclorM. 8to,  7   50 

Bon'a  BlaitkitT  and  Reaiitaaca  ot  Um  Matarisls  ol  EngLoaariJic.    6tli  Edl- 

lioQ,  Rawrilten . .  .Bvo,  t  $■> 

ByToe'i  Bigbwar  ConitracTlon Bro,  s  00 

loapcctloa  ol  tha  Matetiala  and  Woikmanahlp  Bisplo7«d  In  Conaliuctlon. 

iteM,  J  on 

Cbttrcb'i  Machanicsof  Enxiaacri&i 8to,  6  oa 

I>a  Bolt**  Mscbanlca  of  En<ioe«rii)C.    ToL  I SsuUI  4to,  7  50 

lAbaaoo'a  Uaicruh  of  CoittuueUoB Latkb  Svo,  a  00 

Fovltr'a  Ordinary  Foundation*. flvo,  j  50 

Eaap'a Caat  Iron .    . .8toi  *  50 

Lanxa'i  Applied  Machaoka 8to,  7  50 

Hartsna'i  Baodbaok  on  Teatlnr  Kalarlala.     (Bvaatnc)    •  voli, 8*0.  7  so 

Merrili'aStoaraforBuildinff  aud  Dacoratlon.  .    ....8«0(  s  00 

Ucrriman'n  Trrt-bnoh  or  the  Hcchanka  of  Uateriala 8to,  4  00 

Snenxtb  of  Ifaierlila. tamo,  1  00 

UalcaU'a  SimL     A  Manual  tor  Steel- oacrs. ..       .    ......... .....lanui,  1  oo 

P«ttoR'a  rractlcal  Treaiiae  on  Foundaiioct Svo.  500 

Ricbey*t  Handbook  fnr  Boildinx  Supcrinlendenb  of  CoDstmctlon,     (/n  pneai.) 

RockmO's  Roada  AOd  Paramenia  in  Franca. lamo,  1  15 
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6«t>in'«  lodomrial  and  Artistic  Tcclin«togir  of  PiUnU  atii  Vvniab 8ro, 

Smilb'fi  U«(cn&l*  a(  Mmthinrfi.  , ................>........ .  tamOi 

Soow'i  PrinclfMl  SimcIcb  of  Woo<l. 8ro, 

SpaldLnc'B  HrdrmuUc  Cement timo, 

T»n-bodk  on  Rcadi  And  Parcaieiitt. lamo. 

Taylor  uid  Thompaoo'i  TrotlM  on  Coocrvte.  Pltlo  uiil  Keioloiccd.    (/t 

ThonioD'c  MAtcfi«la  of  EngioMrlnc.     3  Parti .       Bro. 

Part  I.  —  Kon-mrtBllic  BlutarUb  o(  Engineorinc  and  Mclallurcr  S«Ot 

Ptit  n.— Uoa  anil  SImL 8to. 

Part  m.  -  A  Trntlse  on  Branes.  Brooxaa,  and  Othar  Allora  and  thctr 

Camtitueait 8t«, 

Thunton'i  Tesl-book  of  the  Materlab  of  CoRsiructian  8ro, 

Ttlteon'a  Street  Pavement*  and  Paring  Hateflaia 8ro. 

Wa4<I«Il*«  Oe  PontibuR.     •  A  Pockel-book  tor  BHd(e  Eaclneera.) .    lOmo,  titnr.. 

SpcciflcatiDDi  for  Steel  DridcM iimo. 

Wood'K  I  Dc  V.  I  TrntiM  «n  the  Resistance  ol  Hat«riak.aa4  aa  Appendix  on 

the  Pro««rratlt>n  of  Timber 9vo. 

Wood's  <OeV.)  Ekmentaof  Analrtic*)  BlechanicB. Bvo, 

Wood's  fU.  P.)  RiMtlcM  COadncs:    Corroaloa  and  Electrolrah  of  Iran  aod 

Sleet 8ra. 

RAILWAY   EKGIWEERrNG. 
Andrem't  Handbook  for  Sticei  Kiiiln»)r  E  K>"*e(G .    .    .  j>s  inchaa.  maroeco. 

Bers'a  BuUdlofi  and  Siructures  of  Amcfican  Railroads 4to. 

Brooka'H  Rnndbook  of  Street  Kailroad  l>Katlon .i6BuitinarDCCO« 

BuiU's  Civil  Engineer'*  Field-book tfiffio.  morocco, 

Crandatl's  Trsnulian  Curve , ifMno.  .norocco, 

Railwar  and  Other  Earlbwork  TabiM 8to. 

Dnwuon'a  "Eniineerinx"  and  Eleclrie  Traction  Pockel-book.     t6iaO(  mortKco, 
Dre<U«'(  Biitorr  of  the  Pennsylvania  Railroad:  <i67o>. .Pap«r, 

*  Drinicer's  TunnellnCt  EKpk>iive  Compounds)  and  Rock  Orllla,  41a. bait  raor.,  ; 

Fisher's  Table  of  Cubic  Yards Cardboard. 

Godwin's  Railroad  Eo«LDeers'  Field-book  aod  Exptoren*  Gulda. . .    16010.  mm., 
Howard's  Transition  Curwe  Field-book. .  .    .  iftnio.  morocco, 

Hudson's  Tables  lor  Cakulatitii  the  Cubic  Coulcnta  of  SxcavaUoM  and  En- 

banknenta.  ....  - 8*0, 

Uolilor  and  Beard's  Blaoual  for  Resident  Engineers i6ebo. 

Ramie's  Field  Manual  (or  Railroad  Engineeiv i&mo,  morocco, 

Pbilbrick's  Field  Maouai  for  Eocinefra. .  -  ■ i6i»o,  morocco, 

Seorlts's  Field  Enftoeerlnc .  .  ifano,  moiocco, 

Railrusd  Spiral ...     i6rao.  raerocco, 

Tarlor's  Prismoidal  Pormute  and  Earthwork  ...  8vo, 

•  Traulwioe's  Method  at  Calculatinc  the  CuMc  Coatanfs  of  Excantloos  and 

Erobankmenls  br  >be  Aid  of  Dlanrams.       .    .   Svo, 

The  Field  Practice  «l  Lajinc  Out  Circular  Cunrea  for  RAliroadft 

DBtOp  morocco, 

Cro«»-stction  Sheet Paper, 

WMt't  RaUroad  ConsiructioB.     3d  EdlMoo, Rewritten i4mo,  morocco. 

Welllnglou'a  Economic  Tbearyof  Ibe  Location  of  Railwayt Sinail  8to, 

DRAWING. 
Ban's  Kinematics  ol  Machinery Svo, 

*  Banlett't  HecbaoicAl  Drawinf 8*0, 

•  "       Abridfed  Ed 8to, 

CooUdce's  Manual  ot  Drawing. Sifo.  paper. 

CooBdce  and  Freeman's  Sl*in«itt  of  Oaoarml  Dtaftinf  lot  Mechanical  Engl- 

neen. .-      . Oblooc  410. 

Durley's  Kinematics  of  Hacbines. 8vo, 

Emcb'i  Introduction  to  ProjectiTcGcometrrtntf  Its  AppIteatlMB. Sro, 


I  as 


HQl'i  Text-book  on  Sludee  uid  Shadows,  and  Ftnpeeiive , 8vo. 

Junisoo'a  Etenmnts  ol  HecbanicAl  DrKwin^ .  8ro, 

J«iim'i  lbcblii«  DesiEo: 

P«rt  L— Kinenwllcs  of  SUchinety.  . , ,. ,  8to, 

Put  U. — toria.  5trcs£tb,  knd  Propocttou  ol  Pftrti. Svo, 

HuCord't  Ekmenn  ol  DnchpliTc  Geomttir. ••...• 8to. 

Kinematics;  or,  PncliwI  ICcctuntsm. i... ...,«..8vd, 

Mac  tunica  1  Dnvrinc. 410, 

Velocity  Diacrarai. Sro. 

Katun'ji  Dcschptiw  OeorneUr  and  Stone-cntling avo. 

IndnitrUI  DravrlnK.     (TtaompMO.) •.*...    ■    .9vo. 

Xafu'c  DcKctipUvc  Gconelr;.     (/n  frua.) 

Kted't  TopocTsphictll  Dranrins  and  SlietcUilc.  ...  .........        .  4to. 

Reid't  Cnunc  in  Ucchanical  Drawinf 1 ....... .  Bva, 

T«xt>boolc  of  Mtchaaicai  Dnvinc  and  ElMnantarr  Hachiae  Prtlsn . .  8vo, 

RobinsDti's  Principbs  of  Htcbanltm. .  .    Sva, 

Schwamb  and  Himll'i  EleatcntB  of  HtchaiuiiiL .  .  Svo, 

SmiUi'i  Manual  or  Toposraphical  Drawing.     (HeMlllan.) .Sto. 

Tama's  Elaments  of  Plant  and  Solid  Pn»- hand  G«oiiialricaIDfa«lac..umo. 

DfaftLBf  iDMTuments  and  Opcratlooa. ...    v.. timo. 

Manual  ol  Elamentaiy  ProJMliun  DrswiDg. lamo. 

Manual  of  EicmeoiaiT  ProbUmi  In  the  Linear  PenpedlTo  ot  Fonn  and 
Shadow 1  amo. 

Pbne  Prohl«n»  in  Eleincnlary  Geometry lamo. 

Primary  Geometry. lamo. 

Element*  ol  Descriptive  Geometry,  Shadow*,  and  Peripectin 8td, 

Gaotial Pcoblema of  StudM and  Sbadowa. j..lvo, 

Elaneott  of  Machina  Cooatruction  and  Drawtoc Bto. 

Prablems,  Tbeoreim,  and  EaampliH  in  Deacripiive  Geoaietry .8va. 

Weiibacb'a   Kinesialki  and   the  Power  of  Traaimissloo.    (Hermann  and 

Klein.  J . Bvo. 

WTielplay's  Practical  Inslruction  in  the  Art  ol  Letter  Eniravlng inuo. 

Wilson'e  (H.  M.)  Topofrapbic  SuTTeying.. Bro, 

WIlMn'i  (V.  f.)  Free-hand  Penpectire. , Stro. 

Wikon'i  (V.  TO  Free-hand  Lettering. .    ,  Hvn, 

WooU'i  Eltmaotary  Coune  in  DcKriptive  Geometry Large  8vo. 

ELECTRICITY   AND   PHYSICS 

Antb«ny  and  Bracken's  Ttzt-book  of  Ptiyaici.     iMagie.) SouUSto. 

Anthony's  Leciure-notas  on  the  Theory  of  Electrical  Meaaorenients     .    itao. 

Benlamlo's  History  of  Electricity Sw, 

VoUaic  CoU. 8to, 

Clanen't  Qoantltaiive  Chemical  Analyai*  by  Elecirolyiii.     iBotnrood.)    Ito. 
Ctebare  and  Stjuicr's  Pniaritins  PhulO'Cbrano graph.  ...  Bvo, 

Damon's  "Engineering"  and  Electric  Traction  Pocket-book.    i6mo,  m«rocco, 
Dolezaleh's    Theory    ot    the    Lead    Accumnlalor    vStorage    Battcryj.     (Voc 

Ende.} tliEO. 

Duhem's  Tbinnodynamica  and  Cliemittiy-     (Burgess.). _  .Sva, 

Flaiher's  Dynamometen.  and  the  MesiaremeDi  of  Power. lamo. 

Gtlberl'i  De  Hagnete.     (Hotlelay.) ....  Kvo, 

Hancbcti'f  Alternating  Currents  ETplalnad timo, 

Hering's  Heady  ReleiBDce  Tahles  (CoDTarstoa  Facloca)  .  .tbmo,  narocco, 

Botman's  Precision  of  HeasuremcnTa. (hro. 

TcleMtrpIc  Mirror-acale  Method.  AdjnatniEali,  and  Tests..        Large  8va, 

Klflibrunaer'i  Testing  of  CoDlinuouS'CtirTent  Machines Sto, 

Landaner's  SpectnuB  AnatjFais.    (Tingle.)..,, .8eo. 

Le  Chaulier**  Hlgb-tamparattira  Maamutinant*.  (Boadoiurtf — Burgess. )i  amo. 
Lflfa'gEkctrolyiligDdBattUmtutbaglittlOTiinkCoBiiwoBda.  (Lortnx.>isiDo. 
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■  Lyoti«^TreBtiM  onElectrDinacneticPbenDnieaA.     Volt.  L«ad  U.  Mto,  e«ch,  (t  uo 

*  ICkU*.     Elemcoa  ol  Witb  Uotloa  Relating  to  Sound  aM  LUht. 8to.  4  00 

■Utulet'i  BktnetiUryTreKtiM  an  Electric  BKtieriea.     (Fbhoack.! ttsao,  »  jo 

'  RoMnbcrt^  Elrctrical  Eoglonrlnc.  (HaJdAJitO**— KuubmoiMr.)...  .8*0.  t  so 

Rtbo.  Romi,  vid  Boite'i  Ebctricil Macbtaerr.     VoLL 8toi  >  50 

Tbuntoo's  SuiioRUT  StMm-rocliief .8to,  a  50 

*  TtUaun'i  EtemcntUT  LMnnt  la  H««L Bn>.  I    So 

TofT  ^Dd  Pitcber'i  MAaa«l  of  Labontorr  Pbyiict. , BoftU  8ro.  )  00 

Otkm'^  Hodtta  Elactroljlk  Coppcf  R«lloiag 8*0,  j  oo 

LAW. 

*  OKvia'*  Ekmtots  of  L«w 8m,  3  so 

■  Tnatiae  on  tba  Militarr  Law  ot  T7nit«d  StatM 8*0.  7  00 

■  SbMp,  7  so 

ICanual  fof  Caurta-iUBrtiAl ifimo.  morocco,  r  50 

Walt'a  EnclQMTlDf  aod  Arcbllectual  Jurbpnulknca 8tOi  (i  ua 

Sheop.  6  50 
I«w  of  OpenlioDS  PiaUmiaary  to  Conatmctioa  in  Engiocaring  and  Archl- 

McOtrt 8ro.  ■[  00 

SbMp,  5  50 

Lawof  CoQtncM Sro,  3  00 

Wlathrop'i  Abridgment  of  BCEBmry  L«w laiao.  t  SO 

MAffOFACTURES. 

B«rnadOD*a  &mokvlc«  Powd«t-^Kitro-c«UoIo«e  and  Tbtory  of  Iba  C«Uu1om 

Hulecnla ,...13mo,  1  50 

BoUBDd'i  Iron  Foundar laiao.  1  so 

**Tba  IioB  Fooadcr,''  Sapplimaot. lamo,  1  50 

Sncjctoptdla  of  Pounding  and  DlcUonarr  of  Foundrr  Tanna  Uaed  In  tba 

Practice  ol  Hon  Id  Ing i>nio,  3  00 

Siaalet'a  Hodeni  Bi|b  ExplotiTta Bto,  4  00 

ISnmt'a Enzymaa and thelf  Application*.    {Prtacoit.} .8to  3  oo 

nttgMftidtBwton  Hachlniil iSna,  I   oo 

PMd^  BoOk  BUldoc  [o(  Bolter  khkara l8m«,  i  00 

BepUfu**  OlI-cbeniiBU'  Handbook Sm.  3  00 

KMf^  Can  Iron. Sto.  j  5& 

t««di*a  The  Impaction  and  Anatrsia  o(  Food  wltb  Special  Rafanac*  to  Slata 

CantroL      (In  vrrparatum.} 

Matthew^'i  The  iMtile  Fibre* Svo.  3  50 

Jfatcatr*!  StecL     A  Hatinol  tuf  Ste«l-uaen tamo,  3  ou 

Matcalfa's  Cott  of  Manufacture* —And  the  Adailnlitratloa    of  Worlubopa, 

Pnbbc  and  Prirau Sto,  5  no 

HtTtr'*  Modern  Locomo tin  Co nttniclloa ito,  10  00 

Hacaa*!  Cakulations  mad  In  Cana  angar  Factnrlaa. i6idO(  DorQCCF,  1   50 

■  Raialg>  Guidv  10  Pitcc-dycins 8va   aS  on 

BaUa^  lodimrlal  and  Aitlatk  Tachaologr  of  Paiata  aa4  TanUab Sto.  a  <>o 

Itsltb'a  PreM-worUni  ol  Matak Syo,  j  uo 

9paktln(*a  HTdraodc  Camsnt luw.  )  00 

Spftocer's  Handbook  for  Chembti  of  Becl-angat  Booua tfifno.moroccoi,  3  on 

Uandbook  torSugai  Uanulacturcn  and  ibeir  Chemlata..  .i6nio  moroccc.  3  oo 
Tarkir  and  Thompaon'a  Treatiaa   on  Concrvta.  Plain   and  Reiotorced.     (/n 

Tbantnn'i  Manual  of  Staam-boilara,  Uialr  Daaigni,  Conimictlnn  and  Opef*- 

'JoD   . 8to,  s  00 

*  Walko'i  LMtumon  Esploalraa. 8vo,  4  oo 

Vaat'i  American  Foundrr  Practlc* tuno,  3  50 

Mauldai'a laal-booh .•■•.••■•>••«■ ..lamo.  a  30 
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WaUf  a  WiailauU  u  m  PtIiim  Mom Ito.  3  OO 

Woodburf '■  Fir«  Proncdoa  of  KiUl 8ro.  a  50 

Wootf't  RuUoB  CottUncs-  Cocnxloo  utd  BlKtrolrMOf  Iron  utd  StMl. .  .Svo.  400 

UATHEICATICS. 

Baktt^  BlHptk  FoDctlom 8vo,  i  so 

■  Bus's  BtotDcnta  ol  Di{r>raati«l  Calcohu ...ixmo,  4  00 

firloa't  Bltm«ata  ot  Plan*  AoAtrtk  Gtoottrr tsmo.  r  00 

CwDptoa't  Ibiiua]  or  Lagsntlxiuc  Cempatstleai...... «....*.. tamo,  t  50 

DarW*!  lotroductioa  to  Ui«  Logic  of  Alctbn i*o,  i  50 

'  Dickioo'i  Calteie  Alcebn L*rt*  iimo,  t  50 

*  loIradMcUofi  to  tbn  Tbeor;  of  JUf  abrmk  E^natioaa   L«(cc  uou),  i   35 

BiDCh's  latToductinn  to  PfoiKtire  GcomeUT  tod  iu  AppQcattotu       .    .  8to.  1  50 

■■M«d^  BlMiMala  of  G«oiti«irj Sto.  t  75 

EtoffltdUrr  Sfatbttic  GcoDMtfT , 8vo.  i  50 

Rstiofitl  GeoraeUT >.>. ....t*.<isin0i 

*  JobDioa**  (J.  B.)  Three-place  LofBrittuidcT«b)cs:  Vett-pockst  «ln .  -ptper,  ts 

100  coplct  (or  3  00 

*  Hoanted  oa  hea*r  cardboardiSXio  LocliAS.  35 

to  cetijat  (or  1  00 

JohntOB*afW.  WJ  BkmtntwT  TrMtisroa  nifi«rmil«lCakaIui      SnutUSTO,  3  00 

JahRMoV  <W.  W.>  ElemenUrr  TreatiM  on  Iha  Intesral  Catculua.    Saull  Svo,  1   so 

Jobnson'i  (W.  W.I  Curve  Tncini  in  Cartnian  Co-orrilnatei              . ,    omo.  t  00 
Jotunoa'a  (W.  W.)  TrMtito  aa  Ordinary  aod  Partial  DifferealUI  Equaliona. 

Small  8to.  3  ^ 

JahnMin'i  1 W.  W.  <  Thpoiy  af  Errors  and  Ike  Hethod  of  Lcaal  Squares     uniu,  1   50 

*  Jotinion's  '  W,  W.'i  Th«>r«iicil  Mecbaalcs iimo.  j  00 

Laptaca'a  Phikisopfaical  Essay  on  Prebabilltiea.     (Troscottand  Bmory.)  timoi  1  00 

*  Ludkiw  and  Baaa.     BlasMnta  ol  TrigoDooiaUy  aod  Logarithmk  and  Otbac 

Tables. .....    ,.  .Sto.  3  00 

Triionaraetrr  and  Tablaa  pabfillied  HpAratsly Btcb,  >  00 

* Ludlois's Locsritbmlc  sod -TrlgonoiDMrk Tftblaa ....Ito,  ■  00 

Haurer*!  Technical  Mechanics.  Sro.  d  00 

Usrriman  and  Woodward's  Bicber  Matbemalica ftvo,  5  oo 

Merrlmao's  Method  of  L«aat  Squares. Svo.  3  oo 

RJce  and  Johnson's  Elrmentani  Treatise  on  the  DtflerenlU)  Calculus  Sm.,  Svo,  j  oo 

Dllfereoital  and  Iniaxral  Cakahis.    a  eok.  In  one 9bu1I  8to.  3  so 

Wood's  Elemtnta  of  Co-ordinate  Ceometry , Byo.  1  oo 

Trigofloattrr :  Analytical.  Plans,  and  Sp'herical tsnio.  1  oo 

MECHAinCAI,    EITGIlTERRniG. 

HATBRIALS  OF  ElfGIllEERinO,  STEAM-£nGI11E3  AflD  BOILBRi 

Bkoh^  Fofze  Practice .,....,.,.. lamo,  t  50 

Balderlo'i  Steam  Seailnt  tor  BuUdinn • lanto,  1  50 

Banr^  Efneiaatics  of  Uachloerr Sro,  3  so 

a  Bartletf  s  MecbAoieal  Drawiox leo,  j  00 

*  "               -              ..       AbrldndBd. ««..  1  50 

BaDjatnln'a  Wrioklaa  and  Recipe* .....lamo,  i  oo 

Carptnter'B  ExperiiiHaul  EoKlneerlng 8vo,  6  00 

HeatlBC  nod  Veiililatinc  Bmldincs fleo.  4  00 

Carr^  SBwke  Soppreeaian  In  Plant*  usinc  Bllomitwtia  Ca«l.      (/h  pfwp- 

CUrk't  Ga*  aod  OU  Biigiat ...SniaU  Seo,  4  00 

CooLdse't  Manual  of  Itrawtac B'o,    paper,  1  00 

CooUdcB  and  Freeraas'a  aieBMHi  of  Ottwiml  Dtaftiiig  (or  Mechankel  Bo> 

lineers, _.  .-ObiotiC4to,  350 

u 


Cromwell's  Treadae  oa  Toothed  OcArtnc .....lano  1   so 

Tractiu  on  D«1U  tnd  PuUen , ...lUW.  i  so 

Ovrler'a  Kin«(Dfltic«  of  Machines. . Sro,  4  do 

Jn^thtt't  Dynuaomcun  tai  th*  Matntmaui  of  Powir laow.  «  00 

Rom  Drt*itii lamOi  1  00 

our*  Oat  mad  Fuel  Anftlfil*  for  BoglQMn lamo.  t    as 

Hkll'i  Cu  LufaTicatiaa. lano.  1   00 

Bafinc'a  Ready  RefcreoM  Tcblc*  (CoBTcnioB  Fulon) tfimo,  morocco,  a  so 

BMtoo'a  The  Ou  Enrlnc , 9va.  500 

J&miton't  Mecbaniciil  Crawlng , ,, 8vo,  s  50 

Jodm'i  Machln*  Dwtcn: 

Pan  L — Klomutlc*  of  Kachintrr..' 8to.  I  so 

^rt  n.— Fonn.StrenKtli.aDd  ProportJoiu  of  Pwti Sro.  j  00 

K«iil'«  Medunical  Ensineer*!  Pockst-book ifltno,  moiocco,  5  00 

Ean'f  Power  and  Power  Traniminian    ...    , 8vo.  a  eo 

Lconaid'a  Machine  Shop*.  Taola,  and  HctboiU.     (/n  prma.) 

MacCord'iKlnamatka:  or.  Prtcticai  Mtchaalwa. Sro.  s  00 

Hachaclc*!  Dravinc 4te.  4  00 

Velocity  Diacrams ..........vo,  i  50 

Kahan'*  Induitiial  Drawing.    (TbompaoiL.) 8to.  3  50 

Poola't  Calorific  Power  of  Fuela tho,  3  00 

ftaU't  Court*  In  Machanical  Drawlnf dvo.  2  00 

Ten-b«oho(  Kacbanical  E>Tawing  and  Elemeotarr  UachloaDealci). -Svo,  3  00 

Weharda'f  Compreeaed  Air luno,  i  so 

lteUaaoa*>  Priaciplet  of  Hectaanlim Sro.  j  00 

Sehwemh  and  HetiiU'a  Elements  ol  HecluofBtn. 8vo,  3  nu 

South't  Preas-workins  of  Hetala _ .      ...        8«o,  3  00 

Thanton'a  Treatba  on    Friction  aiul    Lost  Work  In    BUcblDcrr  Bod   Ubi 

Work Sto,  3  00 

AnlBMluaHachlneand  Prime  l(otor,an4tb«lfl««ofEnercatk*.i3Bio,  i  <w 

WarTen"*  EletnenO  of  Uachtfie  Construction  and  Drawini ..      ,    Seo.  7  So 

Welebacb'B  Kincuiatici  and  tbc  Power  of  Traramkaion.      Htmnana— 

Klein.) , Bto.  5  oo 

Maeblnerr  of  Tranamlsuon  and  OoTaraora.    (Barrntana— Klaln.).  ,Svo.  5  on 

BrOrantici  and  Hydraulic  Uoton.     (I>n  Beta.) Bto.  s  00 

WdUTi  WiRdtnul  ■»  a  Prime  lIor«r 8ro.  j  oo 

Viied** luibinea .....ttvo.  t  50 

UATERULS   OF  EIVGIITEERmo. 

Bo««r*a  Strenctli  ol  Kaieriali  and  Theorr  of  Suitclorei Svo,  7  so 

Burr'e  EUaticUy  and  Reaistance  ol  tbe  ICaUilaJa  o(  Eaiiaeariaf.     6th  Edition 

Reaei. Bto.  7  50 

Cbnrcb'a  Machaoka  of  Englnaailac , Svo.  6  00 

Joboeon'*  Hateriab  of  Coostnctioa Idft*  8*0.  6  00 

Kaep'e  Caat  Iron Svo.  1  so 

Lanta'e  Applied  Urchanica, 8vo,  7  90 

■ulana'i  Handbook  on  Teetlng  Uatariab.    (Hennioc.) 8vo.  7  so 

Harrtnian'aTex-huuk  on  the  Hechaaica  of  Uatariata Sen,  4  tw 

StrcQfltta  of  Uatrriab lamo.  i  00 

KetcaK'tSteeL     A  Xanoal  terStaelHitan ....lanm  a  00 

lakls'i  IndustrlaJ  and  Artbitc  Tactmologr  of  PUnta  and  Varelth. 8vo,  3  00 

acBith't  Uatedalaof  HacUnaa lanto.  r  oe 

Tbanton'B  Uaiaiiali  of  Encinearlog 3  Tola .  3to.  S  uu 

Pari    IL— Iron  and  Steel Bra.  3  90 

Pan  m.— A  Ireatiae  on  BraaMa.  Bronxee.  and  Ottaar  AUofi  and  Unix 

Conttltacnta. x Bto  >  so 

tUlrtKMkof  iLeMaiartAkolCoaatnictioo... ...,.8n,  s  <» 

u 


Wood'*  CDe  V.)  Trealise  on  tb«  RnlxtancM  of  Katerialf  rad  an  Appradiz  en 

Uie  PreMmtioa  of  Timber Svo.    a  oo 

Wood's  (Dr  V.)  Elemeiilv  ul  Analytical  Mechanic*. .8to,    3  00 

Wood't^M.  P.}RuilleHCoaUas*:  Ccrrotioa  «ik1  Ekctroljnu  of  Iron  and  SimL 

Sto.   4  oo 


STEAM-ENGHTES  AlTD  BOILERS. 

Ctrsot'i  RBficetion  on  tbe  Motlre  Power  of  BwL     (ThaiKoa.) isma.  i  so 

Savioa'B   "Eit£in««fiiiS"  Aad  ElKtric  Tnctioo  Pockrt-book.  .  i6ido.  Ennr.i  5  oo 

ford'a  BoUtf  MsUaf  for  Boiler  Haken iSmo.  i  oo 

Oo«^  LoeaoioUn  Spuka  8n>.  3  oo 

HtnuBWtr'i  lodicAtor  Pneticv  Kod  SteRm^ag  M  EcMMBV tamo,  3  00 

H«ttOO*«  M->»«tri*'«l  gmr<f>— riny  lit  PaiM*  PUnf g^Q,  g   «> 

BMt  tad  H— i-emuiCT Svo.  s  00 

Kaot^Steun-tM'lcrEconamr 8re,  4  00 

KflMH**  Pnctice  acd  TheoTTof  tbelalector 8vo,  i  so 

lUcCord's  SBdc-raWes Sro,  3  00 

Hejer'a  Modern  Locomotin  Comoitetioa 4to  10  oo 

Pvabody'i  Mumttol  the  ^usm-enjcLne  lodlcator laao.  j  50 

TiUm  of  Um  PropertlM  of  Samratad  Steam  and  Other  Vapon Svo,  ■  00 

TbenwHlriMailce  of  ifac  Steam-eocioa  and  Otbtr  Haat-aagls* Svo.  5  00 

Valve-Keua  for  Steam-e&{Lae«. Svo,  i  50 

Peabodf  and  HiUer'e  Steam-bo Iten 8ro.  4  00 

Prar'e  Twenty  Years  «iUi  tite  Indicator l«rf«9vo,  )  50 

hpla'a  TbermodTiuunlci  of  ReveralbU  CrdM  ia  Gaaea  and  Saiuratod  Vapors 

(Ouertcrg.) lama.  1    15 

Raafao'i  LocomoHvw:  SUapb.Compotiod.ftod  Elactric tame,  a  so 

Roalgen'e  Priadpl«a  of  Thennodraantio.     (Du  Boia.)... 0to,  s  00 

Uadlir'lI'OConioilTeEncirte  RonnliiKand  Manaiamaat , isoio.  3  00 

Snarfa  Handbook  of  Enciaccrini  Laboratorr  Atactica tamo,  a  50 

Snow's  Steam-boiler  Practka. Sva,  3  00 

Spaaflcr'B  Valve-cean Svo,  a  so 

Rotas  on  ThermodTOamics laino,  1   00 

Spander,  Grean«.  and  ManlulTa  Elemanta  of  5t<am-«n(iacertn( Svo.  3  00 

Tburston'a  Hatidf  Tablea Svo,  i   50 

Uaxiual  of  the  Steam-encUw a  voli.  Svo,  10  00 

Part  L— BLatory,  Stniciuca,  aod  Tbcorr Svo,  6  oo 

Pan  n.— Dtdcu.  CoaatructioQ.  and  Oparadoo Svo,  6  00 

Handbook  of  EnclDa  and  BoUar  Triala,  and  ttaa  Uaa  of  the  Indkaier  and 

the  Prony  ottk* Svot  5  00 

Statiooary  Stcam-cnciaca Svo,  a  so 

Sttam-boikr  Stploaiona  In  Theory  aod  In  Praetlea lanw,  1  so 

MAnualolStoain-boIkrv.Theti  DealtnatConstniction, and  Operation. Svo.  s  00 

Wtlabacb'a  Heat.  SMam.  and  Ste&m-tnfinaa.    (On  BolL) Svo,  500 

WbKham's  Stum-«Dtina  D^stca .•>••■ ,,,..8ve,  5  oo 

Wtlaon'e  Treatiaa  on  Staam>boltera.     fPlatbar.) 161DO.  a  so 

Wood's  TheriBodyiiasiics  Haal  Motors,  and  Rcfrtietatini  Hactainaa. . .  .Svo.  4  00 


KECHAinCS    AITD   UACHINEST. 

Barr'a  KLnenwtica  of  Macblaarr.. Svo,  a  so 

Bovey'e  Str«n|tb  of  Matvriala  and  Tbaory  of  Stractvraa. Svo,  t  so 

Chast'a  Th«  Art  of  Pattera-makiiic .,,•.....•..........,...  ..laau,  a  so 

CkMTch'a Machaaica ol  fiactoccrtoc,,. ....,..,..,...., t«*........,..8vo.  6  00 

lit 


Cfaurcb'sltoCM  vtA  EsAmptei  Ic  UKluialct Sto, 

Coinpton'*  Fim  Lcwou  In  Meul-workinc ..ismo. 

Comirtan  «tiil  De  OroodCt  The  Speed  Ljithc,,,,... *,, isnia, 

CnnawtU'i TnatiH on  Tootlwd  G«ari&c t amo. 

Treatitt  oa  Bella  and  Pulleys , ,..,,,....  .luno, 

[tau'i  Ttn-book  of  Elcmenurr  Hectiaolea  (or  the  Uae  af  CaUages  and 

Scboola 1  ami), 

Ditttty'a  Machinery  Paitera  MaUai lanw. 

Drawee'*   Record   o(   tha   Trampoiutioa    EihlMu   BuIMLbc  of   tb>   World'* 

Columbiaa  £ip<»«ition  d  1893 410   baU  morocco. 

Da  Boit'i  Etcinentary  Principka  of  Mechanics: 

VoL     I. — Kinamatict B*Di 

Vol  _n.— Static*       i Rw>. 

VoL  m.— JUiwtid 8»0. 

MeehaBka of  Esginaarlag.    Vol.  I. Small  41a. 

VoLlL SnwU  410. 

DurJay's  Elnainitica  of  Machlaet Bto. 

Pltrx«nU'i  Boaton  HachiniM , .16010. 

Flatbar'a  DiraiaoMisattrB,  BDd  thi  UtaiuramanT  of  Powar tama. 

Rope  Drtvlac 1  anio, 

Ooaa'a  Locomotive  Spwte .Ivo, 

Hall's  Cat  Lubrication tamo. 

Boot's  An  ot  Saw  FiBnt   ..*..i<.^ tSina, 

•  Johnaon'i  <W.  W.)  Throrotkal  Kechanici. umo. 

Johnson'^    L.  J. '  Statics  by  Graphic  and  Alcabtalc  Halhods. Bro, 

Joaea'*  Machine  Detitn: 

Part   I.— Kjneinatics  of  Machinary 8to. 

Part  U. — Form.  Strenph.  and  Propoitioaa  o(  Pant 8vo, 

Karr*!  Power  and  Pawn  Traosmls^an 8*0. 

Laaia'B  AppMrd  Mechanic* 8*0, 

Leonard  t  MacUne  Sbopa,  Taoli,  and  Mathoda.    (/»  pnw.) 

HacCord'f  Kinematics:  or.  Practical  Mechanlam |va. 

Velocity  DiactBin 8*0. 

Kanrvr's  Technical  Hacbanica. 8wo. 

Marntnaa'i  Text>heokoo  tbt  Mechanics  o(  Maiatiala •«(>. 

EUmcnis  of  Hrchanim  .        , , ijmo. 

•inchM*t  Etementsof  Analytical  Machanlcs 8t« 

Baagao'i  LocomotJTta:  Simple,  Compound. and  Electric lamo.' 

KaU's  Course  In  Uechafiical  t>t%yriaz 9ra, 

Tczt-book  of  Mechanical  Drawing  and  Etomsntan  Ma^-htf.^  Design  > ,  Bro. 

Richards 's  Comptns«d  Air taoso, 

Robinuu'i  rrtDciples  of  Mechanitm SfO, 

Ryan. norrls.  and  Bozia's  Elactrical  Macblotry.    Vol.  1 tvo, 

Scfawamb  and  Herrill't  Elcmcnii  »f  Mr<haniim. ..,8vo, 

Slnciair'i  Lecomotire-encloe  Rtumlnc  and  Manaccmeai ■ lamo. 

Smith's  PTcas-worhing  at  Metali Bvb, 

Material!  of  Machines laao. 

Spangler,  Greene,  and  Hanhalfs  Eteraenia  of  Steam -englBearfBg Sto, 

Thursloo's  lieaiise  on  Friction  and  Loit  Work  la  Machinery  and  Mill 
Work    lt«o. 

Animalasa  Machine  and  Prime  Motor,  and  the  Lam  of  Basttttica .  iimo, 

Wantn's  Elenunu  of  Machine  Conaimetioo  and  Drawing gvn, 

Wstabach'i  Kinamatki  and  the  Powu  «f  Tsanamlsston.  (Hscnsano— 
KJalu.j 8vo, 

Machinery  of  Transmlasioa  and  Gvrmon,  (Hcmnasn— lUsla.).8ro. 
Wood's  ElecienU  ol  AnaJylical  Mechanica 8vo, 

Principles  of  Eltmantary  Hocbanics .....lamo 

Tufbioea l*o. 

Ib«  World's  ColnmblaQEzpoaition  of  1S03 4to, 
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METAIXtmGY. 
tglMnn'a  HaUUttrfr  ot  SOttt,  Gold,  ind  Mcfcurr: 

VoL    I.— 8il«i Sto, 

Vol   U.— Ooldaod  Utrcufj tvo, 

**  Dh'i  L««iI-iniclUac-    (Poatifv  g  ccots  ■dditional) tsnot 

Cmp'i  Cut  Iron ...Sro, 

Kuubardl'i  Practice  of  On  Drenioc  in  Eufopt Pn, 
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Le  CtiMteller'f  Hi«b>tcmp«ralure  UNsuremrDls.  (Bou<loturd— Burcecs.)  tiiii«,3  00 

Hatcali'sSleeL     A  Hmnuil  (of  Steel- oicn limo. 

Smith'*  Uatcrialscf  Machinq tamo. 

Thuntcin's  Maienab  of  EoKinecrini.     Is  TIiTm  Parti Svo. 

Part   n.— Iron  and  St«1 8»o. 

Pul  UI.— A  TieatJM  00  Braran,  Btooxes.  and  Otltci  ADot*  and   their 

ConiiltaaDtE Svo. 

nika'a  Modem  ElactrolTtic  Coppaf  RcQninf Sro, 

KOfERALOQY. 

Barrlnxcr'a  DMrriptJon  of  Miotrala  ol  Commefcial  Valoa.     Obloof,  taorotto, 

Boyd'a  BMourcaa  ol  SouibwaM  VirglnU 8to, 

lUp  of  8(ratb«Mt  Vlixinia Pocket-book  fonii. 

Bnah'a  tUmuU  of  Datumlnatin  Miautloff.    (PtolltU.) Sro, 

CbaKer'i  C«taloctit  of  Hlomh Bvo,  papar, 

CtoUi. 

Dictlanarr  of  ibe  If  anm  of  Min^fH Sw9, 

Daaa's  Srsum  ol  UineralogT. Larca  8n>,  ball  Uatbcf. 

Tim  AppaiwUs  to  Daaa'a  Haw  "Snttin  of  HIiMnlocT*'* Lwf«8*0i 

Tiobaolcot  Mlnarakicy 8vo, 

MiiMnla  and  Bow  to  Stodr  Tbaa lamo. 

Catalocaa  of  Aioericaii  Localltiaa  ol  Mloenli Larce  Svo, 

HaDual  of  Uineralosr  asd  Patrotrapfar lamo. 

Oouglat's  Cniectinkiil  Addinses  oa  Technical  SubjeclB. laino, 

BaUali  Mlaanl  Tablaa. 8w. 

ttfUnnn't  Catalofue  «l  MinenUt  asd  Sraoarnia 8to, 

Til— k'a  Tba  DetBnmnaiicin  of  Rock-lonslng  Uloefala.     (Smlib.)  SnaU  8to,    a  oa 
MafiflTa  Voa-okatsUic  ICiaanla:  Thair Otcuironco  and  XStm. Svo.  4  00 

*  PaaOakt'ft  Rotca  on  DeterminatiTa  Itlntniotj  and  Record  ol  HiBCral  Taaia. 

8to,  paper,   o  50 
Roaaabuacb'a   Uicroacoplc*!  PhyaiacrapliT  of   the   Rock-awkini   HiBerala. 

(Hdloc».) 8to. 

•TiUman'a  Tcit>book  of  Important  lOaarali  aod  Docha Svo, 

Wiltiama'a  Uamwl  of  Lltboleir 8td, 

KnnHO. 

Beard*!  Ventlladon  of  Mlsao tsno. 

Bord's  Rcaource*  of  Suattawtet  Tlnliila 8*0, 

Kap  of  Souibwcai  VirrlxilA Pocket-book  fona, 

Duugla^'k  UnlEctimcal  Addtrsset  on  Technical  Sub|«cli ijina, 

*  Drinkai'a  TuPDelini.  Eipioalre  Compoaoda,  and  Rock  Drilb. 

4to,  tialf  morocco,    25  00 

Biaaler*!  Modem  Rtf  b  Ezptoafvia 8to,    4  00 

Fowlcr'a  Sowa^e  Works  AjU^Ma S3IIW,    3  00 

Ooodrear'i  Coaj-mioet  of  tha  Weaterii  Cout  of  tSu  Onttcd  SUlaa isno, 

IhlHng*a  Manual  ol  Miaici 8to. 

**  Dec's  Lead-amcltinf.     (PoMsf  e  oc  addMonal) iJOiOt 

Kuolutf dl'a  Practice  ol  Ore  DiMoinf  la  Burop* 8tO, 

(yiMicotri  Hotea  on  ibe  Treaimeat  of  GoU  Onm Svo. 

■  Wajka's  Lecluies  oa  ExptotivM 8«>, 

WlkOD'i  Cruilde  ProccMea , .......fsmo. 

ChJenaatioQ  Proceaa Mmo, 
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Wltooa'i  Hrdnialic  sod  Ptac«r  Hlnloc .........iMno.  3  oo 

Tn^tuaoaPmcHcalandTfataiellcAlHiae  VentlIatton.....,,,,..iaina,  i  as 

SAiriTARY   SCIENCE. 

FolwcU'i  Snrarase.    (I>MicalDC>  CooimictloQ.  and  l<«iaujuUK«.) Bto.  3  00 

WalcT-supply  Enxinccrloi ^ .....Svo.  4  00 

Fucctce'*  Wntef  and  Public  Hcaltb.  •,,......(....(......  ■.««>.. .^.lamo,  1  50 

Water- fiitratioQ  Works. .................tamo,  a  ss 

GcThnrd'*  Guide  to  SanitHrj- Haiue-iaipeclioa. ■....• i6iiw,  1  00 

Goodrich'!  EcoDomlcaJ  Dispoftalof  Towo'g  RcfuM  Dcffly  8vu,  3  50 

Haitn'a  Filnation  of  Public  Wnier-supplics. 8ro,  3  dO 

LMCh'a  Tht  InspMtloD  and  Ana^ia  ot  Food  with  Special  Releimce  lo  Stale 

CooUoL - .                         Biro,  7  so 

Hasoa's  Watcr-«pol7.    (Considered    PrioclpaUy    from    a    Sanitarr    Slaad- 

poiut.')     J d  Edition,  Re wrilten Svn,  400 

Eiaminalioa  ot  Water.     (Cbmical  and  BacierioloKtcal.!. . .        ..iimo.  t  »$ 

Herri  man**  Ulemanl*  ol  Srnitaiy  £n(ineeriiig Svo.  3  00 

Oxden's  S«wer  Oeaicn . .    ismo.  a  00 

PrcKcolcacd  Wintluw's  Etements  of  WatarBactnlologr,  with  Special  RcfctiMtca 

lo  Sanitary  Water  Analysis, iimo,  1   35 

*  Price's  Bandbook  on  Sanitation ...-..■...,                                    iima,  ■  so 

Richards's  Con  of  Food.     A  Study  in  Diatarfcs lamo,  1  00 

Cost  of  Livioic  as  Modified  by  Sanitary  Science. .  .- tamo,  t  00 

Richards   and  Wocdrasn's  Air,  Water,  and  Food   tma  •  SaDidtatr  Stand- 

[winL ,, Svo,  a  oo 

*  Richard*  and  WlHiaaia's  The  Dlelary  Compulet. •...,.•,,..  Sro,  t   so 

Rideal's  Sewace  and  Bacterial  Purification  of  Sewacb.  ....,..,.«..,,.  .Bto,  3  50 

Ti>rn«aure  and  KuMell'ii  PufaUc  Wait^r-ituppllea.  .    .■•.,,.•■..■.■   Svo,  5  00 

VoD  Behricir's  Suppression  of  TubercuiostB.     (Bolduao.). .  ■                    .iimo,  1  00 

Whipple's  Microscopy  ot  Drtnklnf' water. . Sto,  3  50 

WeodhuU'i  notes  aad  UlUtarT  Hygiene .    .    i6tna,  1  50 

lilSCELLANEOUS. 

I>e  Furaac's  Maonal  of  Piychiatry.     (RasaiMS.). iimo,  3  so 

Enuooiu's  Geok>slcal  Guide-book  of  the  Rocky  WounUln  Ezcunioa  ol  the 

lotematlonal  Concrcu  of  Oeokvlsts Large  Svo.  ■  so 

Ferrel's  Popular  Trcalite  00  the  Winds. .....   Svo,  4  00 

Haln«>'s  American  Raihray  Kaaacement. iimo,  a  so 

HaU'sCotnpositioa.Digrstibillly.  aadltutritl**  Vahiaof  Food.  Uouuled  chart  I   3$ 

Fallacy  of  the  Present  Theory  of  Sotind.  .  .                .  ,                           i6nio.  i  tw 

Richelto'ft  History  of  RenMelacr  Polytechok  lasiitiit*.  1834- 1804*  Snail  8va,  3  00 

Roitoskl's  Serum  DiacnotiK.     (Bolduan.). . .  ,  .                                              tma.  1   oo 

Rolhrrham's  Emphaaiied  Hew  Testament. ....                                 .  .Large  Bvo,  3  00 

Slsel's  Treatise  on  the  Diseases  of  the  Dog. . .                                              Svo.  3  SO 

Tottcn's  Important  Question  in  Metrology 8vo,  »  s« 

The  World'f  Coluobun  Exposition  of  1893.  ...                                  .             .4)0,  i  00 

Von  Behrinz'i  Supprrmion  of  Ttibercalosis.     <  Bnliluati.  ....                    .  1  juui,  1  OO 

Worcester  and  Alkiot^cn.     Soull  OospiUls.  EsUbUlhinenT  and  Malntetuncc 
and  SugcesUDos  lor  Hospital  ArcUiectut.  with  Plans  lot  ■  Saall 

HospitaT ,.tiBio.  I  as 

HEBREW  AHB  CHALDEB  TEXT-BOOKS. 

Gtmo'i  Grammar  of  the  Hebrew  LanguBfa. 6*0,  J  00 

Etemanury  Hebrew  Gramnuu .■  -isino.  1  35 

Hebrew  Chrestomalhy. 8»o.  a  00 

Gescoius's  Hebrew  and  Cluhlee  Laikoa  to  the  OM  Teetamenl  Seripturas. 

(.TregcUet.  > Small  4I0,   hal   morocco,  S  00 

Uturis-s  Hebrew  Bible Bw.  >  "S 
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